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CNT advances in the methods of proc tion of local and 
1 ameathesia, of immobilisation of tl t site of operation 
ve-blociv, ami in operatne technique Jmve necessitated 
iiastic revision of these yubjccts m tins edition A 
1 section has "been devoted to anaistliesia and nerve 
"iving precis^ instructioiis according to the best modem 
* for ophtbalmicsurgery I have not entirely eliminated 
the simpler operative procedures, since these are often 
atisfactory in selected casts, and should he employed 
inncrs or m the absence of up to date equipment and 
issistftnts I have, however, added descriptions of 
t leratiDus, c tj ,oi cataract, involving greater difficulties 
ore refined technique In all these matters I have hod 
lablc help from 31c H B Stallard— so much indeed 
is only fitting that his name should appear upon tire 
ago 


re have also been some outstaudiug advances m thera 
, especially with regard to vitamins and sulphonanudes 
ij imitic success of the treatment of piierpeinl fever b> 

I nil imide bids fair to be rivalled by the rev olution of the 
iii,nt of ophthalmia neonatorum by sulphapyridine, and 
■t b'lcterial infections by tho appropriate sulphonamides 

1st thL-^Jxi^ has received careful revision throughout, 
effort has beeirmade to retain its character as a reliable 
action to the diseases of the eyo for students, genera) 
loi^^aqd^ ophthalmic surgeons 

J HERBERT PARSONS 
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SECTION I 


ANATOMY AND PHYSIOLOGY 
CHAPTER I 
Anatomy 

1 The sensory nerves of the body are provided with end 
organs, by means of which they receive specific physical 
atimnli and transfomi them into nerve impulses The nerves 
of the special senses are no exceptions to the rule, and the 
'eve IS the highly differentiated and complex end organ of 
the sense of sight 

' The wall of the globe is composed of a dense, elastic support* 
tng membrane (Fig 1) The anterior part of the membrane 
IS transparent — the cornea , the remainder is opaque— the 
scLrotic The anterior part of the sclerotic is covered by 
mucous membrane— the conjunctiva — which is reflected from 
its surface on to the hds 

The cornea consists of three layers . the epithelium, the 
subitantia propna, and Descemet’s membrane The epithe- 
lium, which is stratified, may be regarded as the continuation 
if bhe conjunctiva over the cornea proper It lies upon a 
lomogeneous lamina of the substantia propna, called Bow- 
si nan’s membrane The substantia propna may be regarded 
t5-\s the contmuation forwards of the sclerotic Desceraet’s 
^oembrane is a thin elastic membrane, covered on its postenor 
^ urface by endothelium . it may be regarded ns the coatmua- 
ion forwards of the uveal tract. We shall sec that the re- 
itionship of the three layers is of some pathological import- 
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•’hen, as is often the case, thecornea suffers secondi 
' actival complaint the epithelium and super! 
.ost bkely to affected ; similarlj, m diseas< 
jtic the substantia propna suffers most, ar'd 
of the uveal tract the endothelium, Descem 
Crane, and the adjoining posterior layets' of the I 
jntia propna. j 

The cornea is set into the sclerotic like a watdb glassj i 



Fjg ! — Diagramnwlic homonfdl spctwn of tbs eye. C»,comf-e, 
a e , anterior chamber , 1, iris , C B . cilia^ body .pc., posterior 
chamber, L,!eps, V, ntreona, R. retina, Ch .thoroidj&L.sc/ero- 
tic , /, fovea centralis , ON, optic nerve 

:he sclerotic overlaps the cornea all round the periphery. The 
jornea is very nchly supplied with nerve fibres denred from 
the trigeminal. It has no blood vessels with the exceptior 
if minute festoons, about 1 nun broad, at the periphery ; 
ihe cornea is therefore dependent for its nourishment upon 
hSctisron th ’lytnp'u, 'tfenhi ts TsHpjlcR^i 'riffe tsnqtiictVfirii 
vessels 

Lining the sclerotic ate tv o membranes : an outer, bighlj 
•vascular, concerned chiefly m the nutntion of the eye, an<f 
comprising the greater part of the uveal tract ; and on inner. 
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nervous, the true vTsual nerve ending, concerned in tbe 
reception and transformation of light stimuli, and called the 
retin v. 

The uveal tract consists of three parts, of which the two 
posterior, tho choroid and ciliary body, line the sclerotic 
while the anterior forma a free circular diapliragra, tbe iris. 
The plane of the iris is approximately coronal : the apertuie 



Fra. 3. — Aai;le of th« aaCerior chamber. A, cornea; B. canal of 
Schloram, which appears os eeverat email spaces in the sclerotic jnat 
outside the ligamontum pectinatnm irtdis ; it thus consists of 
ijTe»i)Iar snastomoaing venoas cbsooela which are cut across in tbe 
section; G. ciliary muKle; D, cicculua arteriosus iridis major; 
E, iris; F, ciliary processes. 

tfi hiajlnRigm hs YnB popfi. ‘Sfturfipii’Difiiinh'^De ms utiii'in 

contact with the pupillary margin is the crystalline lens. 

The anterior chamber is a space filled with lymph, the 
aqueous humour ; it is bounded in front by the cornea, behind 
by the iris and the part of the anterior surface of the lens 
which is exposed in the pupil. The sclerotic enters into the 
boundaries of the anterior chamber at the part which is 
known as the angle of the anterior chamber (Fig. 2), In the 
inner layers of the sclerotic at this part there is a network 
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of \enous spaces which is calleil the ctinal of Schlemm At 
the periphery, just antenor to the canal of Schlemm, Desce* 
raet’s membrane splits up into fibntUe, ichich are contmuous 
with a meshwork of fibres stretching between the sclerotic 
and the ins, and known as the Itgamenltnn peclinalum tndis 
These fibres are covered by cndothehum, which is continuous 
with that hmng the cornea and also with that covering the 
ms The spaces in the network of the hgamentum pecti 
natum mdis are called the spaces of Foiitana they are much 
better developed in lower mammals than in man The tissue 
separating the hgamentum pectinatum from the canal of 
Schlemm is somewhat denser, and there is no free commum 
cation between the antenor chamber and the venous plexus, 
a thm membrane, covered on each surface by endothelium, 
being interposed We shall see that a thorough knowledge 
of the anatomy of the angle of the anterior chamber is essential 
to the proper understanding of several pathological problems, 
especially that of glaucoma 

The anterior chamber is about 2 5 mm deep m the centre 
m the normal adult it is shallower m very young children 
and also in old people 

The uieal tract as already mentioned, consists of the in«, 
the ciliary body, and the choroid, from before back*waTds 
/The tns is composed of a stroma, consisting of branched 
connective tissue cells, usually pigmented, but unpigmented 
m blue indes, and contaimng a rich supply of blood vessels 
which run m a rodiai direction The stroma is covered on its 
postenor surface by two layers of pigmented epithehum, which 
properlv belong to the retina and are therefore called the pars 
tridica retincE, or pars relinalts tndis The antenor layer con 
sists of flattened cells, which are very firmly attached to the 
stroma, the postenor of cnbical cells, not bo firmly attached to 
the anterior layer Near the pupillary margin and concentnc 
with it 13 a bundle of unstnped muscle fibres, the spJitncter 
trtdis Associated with the antenor pigment epithelial cells 
there are fibres, arranged radially, which act as a dilatator 
tndis 

The anterior surface of the ins is covered with a single layer 
of endothelium, except at some minute depressions or crypts 
which are found most at the cihaiy border Here the lymph 
spaces between the stroma cells commumeate directly with 
the anterior chamber this is probably a device for ensuring 
rapid transference of Ijmph from the ms to the antenor 
chamber and vice tersd, so as to facilitate qmck mov ements of 



ANATOMY 


6 


the pupil m response to vanationa m the intensity of the light 
falliog upon the eye The ms is thinnest at its attachment to 
the cihary body, so that if tom it tends to give ivay here 
The ms is ncbly supplied by eensory nerve fibres derived 
from the tngemiaiu, a fact which it is important to remember, 
since touching or cutting the iris, especially if it is inflamed, 
IS intensely painful The sphincter mdis is supplied bj motor 
nerve fibres derived from the oculomotor nerve, whilst the 
motor fibres of the dilatator mdis are derived from the cervical 
sympathetic nerve y- 

^ The nhary body m antcro posterior section is shaped roughly 
like an isosceles triangle, with the base forwards The ins 



Fio J — Dia^mmtvtic metidion&l sectioo of the ciliary hodj ’^otn 
thilt the lelerotic orerlftps the corora as shown by ilte ■’hading 

IS attached to about the middle of the base so that a small 
portion of the ciliary body enters into the posterior boundary 
of the autenor chamber at the angje (Fig 3) The chief mass 
of the cihary body is composed of unstnped muscle fibres, 
the ctliaty muscle This consists of two parts an outer, m 
contact with the stAerotic, consisting of antero postenor or 
meridional fibres, and an inner, consisting of fibres running at 
right angles to the former, arranged in a circle in the anterior 
part concentric with the base of the ms The meridional fibres 
can be traced far back, well into the choroid, and are inserted 
anteriorly into a “ spur ” of the sclerotic, traction upon which 
by the muscle is thought to open up the canal of Schlemm 
If an eye is cut in half in an antero postenor direction and 
the inner surface of the cihaxy body is inspected, it will be 
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noticed that the anterior part has a cumber of folds upon it, 
while the posterior part »& smooth The anterior part is there- 
fore, called the pars phcata the p(^tenor, the pars plana 
If the plications are counted with the naked e}e or under 
slight magnification, it wiU be found that there are about 
seventy m the whole circumference If microscopical sections 
are examined, innumerable smaller phcations and processes, 
the ctUary processes wdl be seen upon the pars pheato These 
contain no part of the cihary muscle, but consist esscutiallj 
of tufts of blood vessels, not unbLe theglomeruh of the kidney 
They are covered upon the inner surface b> two lajers of 
cpithehiim, which belong properly to the retina and are hence 
called the pars alians retince As in the pars indica retime, 
the outer layer, comsponding with the antennr in the ms, 
consists of flattened cells, the inner of cubical cells, but unlike 
what obtains m the xris, they are not both pigmented, but 
only the outer layer 

The cihary body extends backwards ns far as the ora serrala, 
at which point the retina proper begins nbruptl) , the transj 
tion from ciliary body to choroid, on the other hand, is gradual, 
though this line is convemently accepted as the limit of the 
two structures The ora serrate js ehgblly more anterior on 
the nasal than on the temporal side 

The ciliary body is richfj supplied with sensorj ner\e fibres 
derived from the trigeimnal, so that great pain results from 
injury or acute inflammation The cdiarj muscle is supplied 
with motor fibres from the oculomotor ner\e^ 

« The choroid is an extremely vascular membrane in contact 
everyiivfaere with the sclerotic though not firmly adherent to 
it, so that there i& a potential space between the two stnic 
tures, which acts as a lymph space (Fig 4) On the inner 
Bide the choroid is covered by a thin elastic membrane tic 
lamina vtirea or membrane of Bruch The blood vessels of the 
choroid increase in sise from within outwards so that imme 
diately beneath the membrane of Bruch there is a capillarv 
plexus the chonocapUlans rollowmg upon this is the kyer 
of medium sized v essels, while most external are the large 
vessels The vessels ate held together fay a stroma consisUn" 
of branched pigmented connective ti«ue cells It is easy to 
remember that the capdhnes ate innermost, because one of 
the chief functions of the choroid is to nourish the outer lavers 
of the retina 

The choroid is supphed wiUi sensory nme fibres from the 
trigeminal. 
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The retina proper corresponds m extent vat'h tte cliotoid, 
which it lines As alreadv mentioned however, and as shown 
by embryological research, it is continued forwards as a double 
layer of epithelium as far as the edge of the pupil if the two 
layers of epithelium are traced backwards, the anterior layer 
in the iris is found to be continuous with the outer la) er m the 
ciliary body, and this again la continued into the hexagonal 
pigment epithehum, which covers the membrane of Bruch 
Similarly, the posterior layer m the ins, although pigmented, 
passes into the inner unpiginented layer of the ciliary body, 
and this suddenly 
changes at the ora 
serrata mto the 
highly complex 
retina proper 
The retina pro 
per consists of a 
number of layers 
■Most external, in 
contact with the 
pigment epitbe 
bum, IS a neural 
epitbehum, the 
rods and cones 
(Fig 4) Follow 
ing this, in order 
from without in 
wards, are the 
outer nuclear the 
outer reticular, 
the inner nuclear, 
the inner reti 
cular, the gang 
bon cell, and the 
nerve fibre layers Thes#* special nenous constituents are 
bound together by neurogha, the better developed vertical 
Btracds being called the fibres of 3fuller The interiacement 
of neuroglia! fibrils on the outer side forms a sort of 
membrane which acts as a basement membrane for the rods 
and cones, the outer hmiting membrane Similarly on the 
inner side the bases of ilullet b fibres spread out and form on 
inner limiting membrane upon the inner surface of the 
nerve fibre layer Here the retina is m contact with the 
vitreous which is generally said to have an extremely delicate 



1 10 4 —Dlagrainmaltc section of relioa choroid 
and selerot c at poatenor pole of the eye R te 
tuta mth / fovea centralis a uiternallimit b" 
merebtane , 1. nerve fibre layer 2 ^angUun cell 
layer 3 internal reticular layer 4 internal 
nuclear layer G extemnt reticular layer 
0 estemal nuclear layer t external limiting 
membrane 7, rods and cones 8 retinal pig 
meat epithelom. Cb choroid e membrana 
vitreaormembraneofBnjch 9 chonorap IkrU 
10 layer of icedinnA sized vea^ejs or Sattler s 
layer 1| layer of large vessels or HsUers layer 
Scl sclerotic with 12 lamina fasca on its inner 
surface 
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bounding membrane, the hyaloid membrane this is probably 
only the denser outer layer of the vitreous gel, often modified 
by reagents 

At the optic disc the fibres of the nerve fibre layer pass into 
the optic nerve, the other layers of the retina stoppmg short 
abruptly at the edge of the poms opticus 

At the postenor pole of the eye, which is situated about 
3 mm to the temporal side of the optic di«c a specially 
differentiated spot is found in the retma of higher mammals 
(man and monkeys) the foiea cenlraUs As its name impbe®, 
it la a depression or pit, and here only cones ate present in the 
neuro epithehal layer and the other layers are almost com 
pletely absent The fo\ea is the most sensitive part of the 
retina, and it is %ur 
rounded by a small 
area tbe macula lutea, 
or yellow spot, which, 
though not 80 sensitive, 
13 more so than other 
parts of the retma It 
13 here that the nuclear 
layers beeomegradually 
tmnned out, while on 
the other hand parts 
of the reticular layers 
are specially in evi 
dence 
cells 

consisting of a single 
row of cells, are heaped 
up into several layers There ore no blood vessels m the 
retina at the macula so that its nourishment here is entirely 
dependent upon the chormd (Fig 5) by way of compensation 
the meshes of the capillary network, of the chonocapillaris 
are particularly small here 

The so called optic nerve is reall} a lobe of the brain, and 
therefore belongs properly to the central nervous system 
Embiyological and toorpheii^tal mveatigations show that 
the bipolar cells of the retina the nuclei of which are m the 
inner nuclear layer probably correspond with the cells m the 
dorsal root ganghon of an ordinary sensory nerve (neurones of 
the first Older) Similarly the ganghon cells correspond 
morphologically with the cells of the nucleus gracihs, or 


the gai^bon 
t instead of 



fiQ 5 Blood reaseb in tbe toacuLir regioo 
of tbe human retina. (I^ettlesbip ) The 
central gap corresponds with the forea 
centralis. nasal side T temporal 
side A artenea ' veins. The meshes 
aro touch smaller than at the penphety of 
the retina. 
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part of the visual nervous mechanism which corresponds with 
an ordinary peripheral sensory nerve is a microscopic cell v ith 
its processes situaltd within the retina itself All the re* 
mainder is really part of the central nervous system, and we 
shall see that it responds to pathological processes more like 
the central than the peripheral nervous system 

The porus opticus is the aperture m the sclerotic through 
•which the optic nerve passes It vanes much in shape m 
different oases, but in all it is travelled by a transverse neb- 
work of connective tissue fibres containing much elastic tissue, 
the lamina cn6rosa The fibres of the nerve fibre layer of 
the retina pass through the meshes of the la mina enbrosa and 
on the posterior side they suddenly become surrounded by 
medullary sheaths These nene fibres, which comprise the 
greater number of the nerve fibres m the so called optic nerve, 
are the axis cyhnder processes of the gangUon cells of the 
retina They are therefore afferent or centripetal fibres, but 
the optic nerve also contains a few efferent or centrifugal 
fibres 

The Zens is a biconvex mass of peculiarly differentiated 
epithelium It will be remembered tnat it is developed from 
an invagmation of the epidermal epiblast of the feetus so 
that what was originally the surface of the epithehum comes 
to he m the centre of the leas, the peripheral cells correspond 
mg with the basal cells of the epidermis Just as the epidermis 
grows bv the proliferation of the basal cells, the old super 
ficial cells bemg cast off, so the lens grows by the prohferation 
of the peripheral cells The old cells, however, cannot be cast 
off, but undergo change (sclerosis) analogous to that in the 
stratum grauulosum of the epidermis, and become massed 
together in the centre or nucleus moreover the newly formed 
cells elongate into fibres, the lens fibres, which have a rather 
compheated arrangement Without gomg into details, it is 
important to bear m mmd that the nucleus of the lens consists 
of the oldest cells and the periphery or cortex of the youngest 
rurther, it must be pomted out that at an early stage the 
productive basal cells become limited to a smgle row of cubical 
cells covenng the antenor eorface The mass of epithehum 
which constitutes the lens is surrounded by a hyalme mem 
brane, the lens capsule, which is thicker over the antenor than 
over the posterior surface (t p 49 Fig 48) it is a cuticuhr 
deposit secreted by the epithelnl cells 

The lens in fostal hfe is almost spbencal , it gradually 
becomes flattened so as to assume the biconvex shape It is 
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held m place by the suspensory ligament or zonule of Zmn. 
This IS not a complete membrane, but consists of bundles of 
fibrils which pass from the surface of the ciliary body to the 
capsule The flattening of the lens is due to these fibnls 
becoming more and more stretched as the eye grows The 
fibnls pass in vanous directions and the vanous bundles often 
ctOM one another Thus the most posterior arise from the 
pars plana of the cihary body almost as far back as the ora 
serrata , these he m contact for a considerable distance with 
the cihary body and then curve towards the equator of the 
lens to be inserted mto the capsule , most are inserted slightly 
antenor to the equator A second group of bundles sprm^ 
from the summits and sides of the ciliary processes, t c , far 
forwards, and passes backwards to be inserted mto the lens 
capsule, ahghtly postenor to the equator A third group pa‘<ses 
from the summits of the processes almost directly inwards to 
be inserted at the equator 

It will be noticed that there is a somewhat tnanzular space 
between the back of the ms and the anterior surface of the 
lens, hainoz its apex at the point where the pupillary margin 
comes in contact with the lens , it is bounded on the outer 
side by the cihary body This is the postenor chamber it 
contains l)mph of the same nature as the aqueous 

Behmd the lens is the large ntreous chamber containing 
the utreoiis humour This is a jelly like matenal — fact, it is 
probably an mert structureless gel— contammg a few cella and 
wandenng leucocytes The fibres seen m histological sections 
are probably artefacts except m pathological conditions As 
m other gels the concentration of the micellse on the surface 
gives nse to the appearance of a boundary membrane in 
sections — the so-calleu hyaloid membrane 

The Blood Sdpfly of the Eye 

The arrangement of the blood vessels which supplj the ej e 
13 pecuhar and is of great importance in considering patho 
logical conditions 

The arteries of the eje m man are all derived from the 
jpiMhabanr A’Aay; .vihinh .a* a diTannh iuvbimft' cin’tJitiu’ 

The ophthalmic artery has very few and msigmficant anasto- 
moses so that on the artenal side the ocular circulation is an 
ofishoot of the mt~acranial circulation This is not the case 
to so marked a degree of the venous outflow of the eye Vk hde 
m man most of the blood pa^es to the cavernous emus bv 
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Way of the ophthalmic veins, yet it must be remembered that 
these anastomose freely m the orbit, the superior ophthalmic 
vein commiimcating with the angular vein at the root of the 
nose, and the infenor ophthalmic vein with the pterygoid 
plexus Hence too great stress must not be laid upon the 
circulation in the retina as a guide to the condition of the 
intracramal circuLition, as hM been done m the past 

The retma is supplied by the central artery, which enters 
the nerve on its lower surface, 16 — ^20 mm behind the globe 
The central artery divides on or slightly posterior to the surface 
of the disc into the mam retinal trunks, winch mil be con- 
sidered in detail later (Plate I ) The retinal arteries are end 
arteries and have no anastomoses at the ora serrata The 
only place where the retinal system anastomoses with any 
other 13 m the neighbourhood of the lamina cribrosa The 
veins of the retina do not accurately follow the course of the 
arteries, but they behave similarly at the disc, umting on or 
sbghtly posterior to the surface of the disc to form the central 
vein of Wie retina, which accurately follows the course of the 
corresponding artery 

The uveal tract is supplied by the ciliary arteries, which 
are divided into three groups — the short posterior, the long 
posterior, and the anterior (Plate II , Fig C) The short 
posterior ciliary arteries, about twenty in number, pierce the 
sclerotic in a ring around the optic nerve, running perpendi 
culaily through the sclera, to which fine branches ate given 
ofl The long posterior ciliaiy arteries, two m number, pierce 
the sclerotic slightly farther away from the nerv e m the hori- 
zontal meridian, one on the nasal, the other on the temporal 
side They traverse the sclerotic very obhquely, running in it 
for a distance of 4 mm The anterior ciliary arteries are 
denved from the muscular branches of the ophthalmic artery 
to the four recti They pierce the sclerotic 6 or 6 mm behind 
the hmbus or corneo scleral margin, giving ofi twigs to this 
region, to the conjunctiva and sclerotic 

The cibary veins also form three groups— the short posterior 
-chiKi'y, \hft- 'wim, '/wiaensoa., and* antan'nr. Tha 

short posterior ciliary veins are ummportant , they do not 
I receive any blood from the choroid, but only from the sclerotic 
The vena? vorticos® are the most important, consisting usually 
of four large trunks which open into the ophthalmic vein 
They enter the sclerotic rather behind the equator of the globe, 
two above and two below they very obliquely through 
the sclera The anterior cihary veins are smaller than the 
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corresponding arteries, since they receive blood only from the 
outer part of the ciliary nrnsde 

Of these ciliary vessels the short posterior ciUary arteries 
supply the whole of the choroid, being reinforced antenorly 



Plo C — Blood vessel* of the homan uveal tract, injected, from the 
optiQ disc to the edge of the ms (After I,eber ) Arteries, black; 
vejis, paler Rnnning upthecentrounloDg posterior ciliary artery 
Two vorticose veins and thetr tnbotanes are seen. The capillaries 
are onlv partiallr filled id 
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by anastomosis with recurrpat branches from the cihary body 
The cihary body and iria are supplied by the long posterior 
and anterior cihary arteries The blood from the whole of the 
uveal tract, with the exception of the cihary muscle, normally 
leaves the eye by tbe vemo vorticosae only 
The two long posterior cihaiy artenes pass forwards between 
the choroid and the sclerobc, without dividing, as far as the 
posterior part of the cihary body Here each divides into 
two branches (Fig 6) they tun forwards m the cihary 
muscle, and at its anterior part bend round m a circular direc 
tion, anastomosing with each other and thus forming the 
ciTculus arteriosus indis major This is situated m the ciliary 
body at the base of the ins from it the ciliary processes and 
ms are supphed Other branches from the major arterial 
circle run radially through tbe ins dinding dendntically and 
ending in loops at the pupillary margin A circular onasto 
mosis takes place a httle outside the pupillary margin, the 
circidus arteriosus tnrfts minor 
The tributaries of the vorticose vems, which receive the 
whole of the blood from the choroid, are arranged radially 
the radu being bent, so as to give a whorled appearance — 
hence their name The veins of the ms are collected into 
radial bundles which pass backwards through tlie cihary body, 
receiving tnbutanes from the cihary processes Thus rein 
forced, they form an immense number of vems tunning back 
wards parallel to each other through the smooth part of the 
cihary body After reaching the choroid they conv erge to 
form the large anterior tnbutanes of the vorticose vems The 
veins from the outer part of the cihary muscle on the other 
hand pass forwards and unite with others to form a plexus, 
part of which is the so-called canal of Schlemm These vessels 
dram into the anterior cihary veins The marginal loops of 
the cornea and the conjunctival vessels are branches of the 
antenoT ciliary (Plate Il.k 



CHAPTER II 


Physiology 

In order that the eye may satisfactorily perform its duties 
as an organ of vision it ts essential that a sharp image of 
objects m the outer world shall be formed upon the retina 
This 18 effected by m^ans of a senes of cur\ ed surfaces, and 
the curvature of these surfaces and their relative positions 
to each other must be kept constant For this purpose it 
IS necessary that the walls of the globe should be kept 
stretched 

If a small canula connected with a narrow bored mercury 
manometer is pushed mto the antenor chamber or into the 
vitreous of an animal it will be found that the mercury lo the 
manometer mil rise about 25 mm (Fig 7) In other words» 
the contents of the eyeball, which are for the most part 
fluid, exert a pressure upon the inner side ol the walls wLicb 
IS about 25 mm of mercury greater than the atmospheric 
pressure which falls upon the outside of the walls , the walls 
are thus kept well stretched 

This pressure inside the eye is called the intraocular pressure, 
or the tension, of the eye (These terms are used mdiscnmi 
nately, though it is not quite accurate to do so ) It is obauous 
that it must be the fluid constituent of the contents of the 
globe which keeps up the internal pressure This fluid 
fills the anterior and posterior chambers and permeates the 
vitreous It is comparable to the lymph which bathes the 
tissues in other parts of the body, and it is indeed the 
lymph of the eye In other parts of the body the chief 
fimction of the lymph is to cany food matenal to the tissue 
cells, and to carry away the effete products of the cell meta 
bohsm It has a further function of keeping up the normal 
tissue tension Both of these functions attain an unusual 
degree of importance m the case of the eye We have already 
seen the necessity for keeping up the normal tension of the eye 
As regards the nourishment of the cells, our reaiew of the 
anatomy of the eye has shown that there are large areas, 
notably the whole of the lens and the vitreous, which possess 
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DO blood supply They are dependent entirely for their 
nutrition upon the lymph 

If crater were to be forced into an impermeable elastic bag, 
the internal pressure might be kept indefinitely abo\e the 
pressure upon the outside of the bag Such an arrangement 
for keepmg up the intraocular pressure would be unsatiafac 
tory owing to the function 
of the lymph m nutrition 
The stagnant flmd would 
soon lose all its food 
material, which would be 
used up, and it would be 
come loaded with the ex 
creted products of the cells, 
which would have a very 
deleterious effect upon 
them Hence it is essential 
that the l}mph shall be 
constantly renewed This 
in the eye The 
IS continually being 
:d, but at the same 
time it IS equally rapidly being removed and thus the amount 
present is kept constant 

Of recent years the views of physiologists on the formation 
of lymph m the different tissues of the body h'i\e undergone 
great modification It was natural that at first lymph 
formation should be regarded as a true secretion (Heidenham) 
The typical example of secretion is the sabvary gland Here 
it IS possible by stimulation of Bccretory nerves to obtain 
saliva at a pressure far exceeding that of the highest local 
intravascular pressure The gland cells are doing work which 
cannot be accounted for by tiie ordinary pliysical laws of 
filtration and osmosis Evidence of ^retory nerves for lymph 
formation in the eye, as elsewhere, has proved negative More 
over, it has been shown that the facts both experimental and 
patJiolbgical^ are not inconsistent' wjtli explanation on pureij^ 
physical, “ bioplijsical ” and biochemical grounds 

Starling first produced definite evidence that Ivmph forma 
tion in the tissues could bo explained bj a simple process of 
filtration from the capdlanee, the relations between the intra 
capillary and the lymph pressure, and the chemical constitu 
tions of the lymph being m accord with this view Leber 
arrived at the same conclusion with regard to the ei e 


occurs 

lymph 



chamber showing tiut the normal 
lotraocular pressure is about 25 mm 
of mercury 
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The advances of biophysics and biochemistry, however, have 
shown that this view must be modified It has now been 
shown that many of the conditions of lymph production arc 
consistent with the view that lymph is a simple dialysate from 
the blood plasma, and that the dmerences m constitution and 
pressure which obtam in different tissues may be due simply 
to the relative permeabilities of the dialysmg membrane, t e , 
the capillary walls Iheseresults importanta3tbeyare,donot 
of course solve the problem for it still remains to accoimt for 
the varying permeability of the capillary walls 

The experimental evidence m favour of the dialysation 
theory has been exhaustively determmed for the e} e by Duhe 
Elder and others but further research lias produced results 
antagonistic to this theory (Robertson) The fundamental 
fact IS that the normal intraocular pressure, as shown by 
the manometer is from 20 to 25 mm Hg above the atmo 
spheric pressure How is this brought about and main- 
tained * The most obvious source of energy is the blood 
pressure denved from the heart beat The first step is therefore 
to enquire mto the hydrostatic conditions of the intraocular 
circulation The blood m the human eye is denved entirely 
from the internal carotid artery The pressure m tins artery 
IS very little less than that in the brachial artery — diastolic/ 
systobc, 60-80/110-125 mm Hg The diastoLc pressure in the 
ophthalmic artery can be measured in ammals by increasing 
the intraocular pressure untd the pulsation of the retmal 
artenes is maximal, the systobc by further mcreasmg the 
pressure imtil the pulsation is aboluhed It is found to be 
diastobc/systolic, 60-70/9o-l 15 mm Hg 

The pressure m the ratraocular artenes has been measured 
by mtroducing a zmcropipette containmg methylene blue mto 
a retmal artery by the aid of a micro manipulator, and 
ophthalmoscopic observation. The pipette is connected with 
a manometer and fluid is forced in until it just appears m the 
vessel Average pressures were diastolic/systohc, 61/88 mm 
Hg (Huhe Elder) 

Average results gave a mean fall of only about 10 mm Hg 
from carotid to ophthalmic artery, and of 25 mm Hg m the 
first branching m the ^e, t e , 25 per cent of the total 
•jatfiiviiit Thft -ssioiiXfvAeis. yaessaa?; ■sVivuii ivirVhfts Wii tA 
5i mm Hg 

In order that the circnlation may be maintamed it is clear 
that the lowest mtraoculai Tencras pressure must exceed the 
intraocular pressure The difference, measured by the micro 
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pipette, IS only about 2 mm Hg (Duke Elder) A similar 
difference is found in Scblemm’s canal 

The blood vessels of the eye are subject to variations in 
cahbre as m other parts of the body These are not merely 
passive as ^rould be the case if the eyeball ere a rigid closed 
box There is definite proof that the intraocular artenoles 
are under the control of vaso constrictor fibres den\ed from 
the cervical sympathfitic, but there is no evidence of the 
existence of vaso dilatator fibres Vaso motor changes, how 
ever, have been proved to be due to the liberation of substances 
which act upon the neuro myal junction In the case of sympa 
thetic fibres the substance is adrenahne or a nearly allied 
substance , in that of the parasympathetic system acetyl- 
choline or an alhed substance Vaso dilatation, however, can 
be brought about mdirectly by antidromic impulses m sensory 
nerves (Baybss) and bv axon reflexes These lead to the 
liberation of bistamme or an alhed sobstance, which causes 
relaxation of the smaller vessels and capillaries 
There is no means of nieasutmg the mtracapiUary pressure 
within the eye directly The old view that variations in the 
cahbre of the capiUanes is passive owing to changes m the 
calibre of the artenoles has been profoundly modified by the 
researches of Erogh, Dale, Landis and others, who have 
shown that relatively enormous variations in capillary pressure 
occur, both rapidly and in neighbouring areas, and that these 
are brought about chiefly by dynamic changes m the size of 
the capillaries, probably effected by Rouget’s cells and by local 
chemical changes due to acetylcholme or histimine The local 
effect of histamine, hberateil by imtation of the fifth nerve 
endings, and the more distant effect due to axon reflexes 
(which is abolwhed bv cocaine) have been proved to oc^ur in 
the iris by Dulve Elder Great variations in intracapiUary 
pressure between the limits of 70-80 mm Hg (artenal) and 
20-25 mm Hg (venous) are possible, and it may be that in 
some circumstances it rises as high as 50 mm Hg 
Vaso dilatation produced bv histamine cannot be counter 
acted by vaso constrictors such as adrenaline moreover, it 
causes marked increase m the penneabditv of the capillary 
walls, as evidenced by wheals m the alon, i.c This increased 
permeability is of great pathological importance, accoontmg 
for plasmoid exudates in inflammatory conditions, Ac it 
may be beneficial, opemng the gate for the passage of immune 
bodies, all of which are lar^ molecoled colloids, and some 
drugs (c g , arsenic compounds) 



18 


DISEASES OF THE EYE 


Manometric obserratjoas shon* that in general the intra 
ocular pressure follows changes la the general blood pressure 
passively (Fig 8) Thus the large rises of blood pressure 



fio 8 Tracing al ngbt cwotid blood presiure intraocular pressure 
{rod caauU ta anterior chamber «f (eft eye of a dog n-l-ich was fulty 
asder the mSuence of morphia A.C E mixtore and curare. Stimula 
tion of the rssotaotar centre sboenng Ibst the intraocular pressure 
follows passively all the changes id the general blood pressure as 
produced hy Tranbe Bering curres and constnctioa of the artenolea 
of the splanchnic area. 

produced by stimulation of the vaso motor centre, splanchnic 
nerves asphyxia mjection of nicotine or adrenalm®, etc , are 
reflected in the intraocular pressure curve The parallelism, 





PHYSIOLOGY 


19 


however, is not absolut*^ as was shown long ago by tlie proof 
of the existence of \aso constnctor nerves and the local effects 
of adrenaline Perfusion experiments on the isolated head 
ha\ e revealed other local effects due to aton reflexes, chemical 
substances such as choline, histanune, drugs etc Probably most 
of these effects are due to changes in the capillary circulation 

The intraocular fluid differs from lymph m ot&er tissues of 
the body m its remarkable po\ erty in proteins In still greater 
degree does it differ thus from the blood plasma, but the 
differences are purely quantitative, all the constituents of the 
blood plasma being present in the aqueous The proteins are 
very much reduced (02 per cent as compared with 7 36 pet 
cent in serum), much more so than in an> other tissue lymph , 
but the relative proportions of globulin to albumin are the 
same as m the plasma Non dissociated diffusible substances, 
such as sugar, urea, etc , are equally partitioned between 
aqueous and plasma Dissociated diffusible substances, eg 
metallic salts, which are split up into electrically charged ions 
m solution are unequally diatnouted, the cations being m less 
and the amons m greater concentration m the aqueous The 
greater concentration of clilondes has long been known and 
should have attracted greater attention by the advocates of 
the filtration theory, since it militates against that theory It 
IS howeN et consistent « ith the dialysatjon theory, negatively 
charged ions bemg driven through the capillary membrane in 
order to mamtain thermodynamic equilibrium with positively 
charged colloid ions (proteins) m the blood Tor the same 
reason the aqueous is slightly more acid than the plasma 
(pH 7 2 7 3) The plasma exerts an osmotic pressure of 
20-30 mm Hg greater than the aqueous owing to the excess 
of non'diffusible colloids to it 

What may bo called the static intraocular pressure is there 
fore the resultant of the intracapiUary blood pressure minus 
the difference between the osmotic pressures of aqueous and 
plasma (c y , 50 mm Hg — 30 mm Hg = 20 mm Hg ) The 
intraocular pressure however is never static It follows 
passively normal changes m the blood pressure due to the 
pufse wave and respiration ft undergoes farge rises due to the 
activity of the extrinsic ocular muscles and the movements of 
the htls, especially of the otbiculans palpebrarum Large 
changes m the general blood pressure are accurately refiected 
in it except m so far as they are modified by local vasomotor 
or chemical effects If, however, the general changes persist 
S'! m cases of high blood pressure, compensation occurs and the 
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intraocular pressure resumes ifa normal level Convection 
cnrrents are also set up m the anterior chamber omng to the 
diSerenee m temperature between the ms and cornea, the 
aqueous moving upwards m front of the ins and downwards 
behind the cornea These currents can be seen with the slit 
lamp (ude p 97) when, as is often the case, the aqueous 
contains particles m snspension 

The atomic and molecular changes which ha\e already been 
discussed are therefore associated with molar movements which 
alter the local hydrostatic conditions These are speciaUy 
marked under abnormal conditions If the aqueous is 
evacuated, eg , hy paracentesis {tnde p 209), the capiUanes 
dilate, the walls become more permeable and filtration of fluid 
takes place The fluid thus formed more nearly resembles the 
blood plasma m containing more protem than the normal 
aqueous If agam the eye is massaged the intraocular pressure 
fails Seeing that this pressure is dependent upon the volume 
of the contents of the globe and the other conditions are not 
matenally altered the fall of pressure must be due to expulsion 
of fluid from the eye There is therefore some mechanism for 
the filtration of fluid out of the eye Cases of secondary 
glaucoma {vide p 2S0) indicate the chief site of filtration out 
of the eye, for m them the angle of the antenor chamber is 
blocked There can be no doubt that the rise in mtraocular 
tension which occurs m secondary glaucoma is due to blockage 
of this filtration angle, whereby the aqueous is denied free 
access to the canal of Schlemm 
It has been shown that if the intraocular pressure is raised 
so as to exceed that of the intravenous pressure, the veins 
collapse This results m a reflex nse of mtravasoular pressure 
so that the circulation is restored This process may m some 
cases be repeated until the intraocular pressure equals the 
artenal pressure, when the circulation stops The canal of 
Schlemm, however, is a venous channel in the substance of the 
cornea and therefore does not collapse even when the intra 
ocular pressure is moderately raised Filtration can therefore 
occur through its inner wall — unless the latter is rendered 
impermeable by adherentins, etc , an exit is thus provided for 
the excessive fluid and the normal intraocular pressure is 
restored The mendioaal fibres of the ciliary muscle (w<7e 
p 5, Fig 3) are inserted anteriorly mto a scler^ “ spur,” and 
there is reason to think that when this muscle contracts m 
accommodajion it pulls this spur backward<«, thus tending (o 
keep the canal of Schlemm open 
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The permeability of the capiU^es is increased m mflarnmn 
tory conditions, e <7 , iridocyclitis (wfc p 255), and a plasmoid 
lymph, rich in protein, is formed This causes a nse m intra 
ocular pressure, and there can be little doubt that since in 
these cases the filtration aiii»le is not otherwise obstructed 
and IS indeed generally abnormally open the high tension is 
due to the difficulty of filtration of the large molecular colloid 
proteins mto the canal of Schlemm 
We may therefore conclude that both dialysation and 
filtration play their parts m the formation and disposal of the 
intraocular fluid and the mamtenance of the intraocular pres 
sure They do not suffice to explain all the facts of normal 
and abnormal mtraocuiar pressure The dialysation theory 
alone has to fall back upon the variable permeability of the 
capillary walls in the vanous tissues of the body to explam the 
differences of lymph pressure and constitution , and this 
vanaWe permeability ta H present only explicable on 
teleological grounds 
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ElemectaTy Optics 

It has already been slated that sharp images of external 
objects must be formed upon the retina if the latter are to be 
seen clearly Before considenog how this is effected it will be 
advisable to refresh the reader’s meraoiy of the elementary 
principles of optics I would scnously impress upon the student 
that success m the diagnosis, and hence in the treatment, of 
diseases of the eye is impossible if such elementary principles 
ol optica as ate set forth here are not thoroughly mastered 

It white light, such as enobght. is pissed through a suilshle 
prism or diSractioo grating a epectmn) is formed, consisting of 
rars differiDg from each other m wave length Of tlie»e certain 
are visible and appear to the majontj of people as pure colours 
VIZ , red, orange, yellow, green, blue, and violet m the order 
named, the red Laving the longest and the violet the shortest 
wave length Tho visible spectruto extends from about 721 pp 
at the red end to 397 pit at the violet end or roughly from 700 pp 
to 400 pp Beyond the red end are infra red rave of greater 
length which, when absorbed, cause a nse in temperature and 
are commonly known as beat rajs Beyond the violet end are 
wares of sm^Ier length the ultra violet rays which are capable 
of causing chemical action The longer visible rays sd«o cause 
a n«e tn temperatore, and the n^ible rays are aUo actimc, though 
less so than the infra red and ultra violet respectively Glass 
absorbs some of the heat rays and mauy of the ultra violet 
Prisms and lenses made of quartz allow most of the ultra violet 
rays to pass unimpeded The media of the eye are uniformly 
permeable to the visible rays between 660 pp and 390 pp U ith 
regard to ultra violet rays, the cornea absorbs all rays beyond 
295 pp the lens all rays beyond 3a0 pp. the vitreous shows an 
absorption band with its maximuni at 270 pp (E K Marlin) 
Rays between 400 pp and 295 pp can therefore reach the lens 
tho«e betneen 400 pp and 350 pp can reach the retina in the 
normal eye, and those between 400 pp and 205 pp can reach the 
retina ui the aphakic eye \\henever absorption occurs there 
18 the possibility of pathological changes resultmg Sunlight at 
the lower sea levels is poor lo ultra violet rays which fall off 
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rapidly m intensity beyond 380 ///i Ordinary glass used for 
Spectacles absorbs rays beyond 350 Heat radiation from 
1,100 fifi to 700 ftfi passes into Uie eye almost uncbeoJced, and a 
large amount of It reaches the retina (Hartridge and HiU) The 
pigment epitlielmm on the back of tbe ins absorbs beat radiation 
of all ware lengths, and the same is probable of the retinal 
epithehum at the baek of the eye 

It IS a familiar fact that a candle flame emits light m all 
directions The light is transmitted m straight lines so that 
we may imagine the hght coming from the candle as consistmg 
of an immense number of straight lines, all intersectmg in some 
part of the flame If we consider a minute point in the flame, 
then all the straight Lneg which cross in this point may be 
said to diverge from it Each of these hypothetical straight 
lines IS railed a ray 

Now, every point on such a ray represents, or is the image 
of, the pomt of light from which it spnoga This is shown very 
clearly fay a simple experiment earned out m a dark room 
Make a mnhole in a piece of cardboard (Fig 9, A) and hold 
the cardboard in front of the candle (C) at a httic istance 
from It Beyond the cardboard hold up a white screen (B) so 
that the cardboard is between the screen and the canifle A 
dim image (D) of the flame wU be thrown upon the screen, 
and It will be noticed that it is 
upside don n, t « , an inverted 
image of the flame rs formed. 

This is due to the fact that the 
cardboard cuts o5 all the rvys of 
light from the candle except such 
as can pass through the hole The 
only rays from the top of the flame 
which can pass through the hole 
are those which are caught upon 
the lower part of the screen 
They represent the top of the Pia g 

flame , hence they reproduce its 

shape accurately The image is very dim because onl} a few 
rays of light can pass through the small hole Now make 
another hole a little distance avmy from the first Another 
inverted image of the flame is seen If a dozen holes are 
made, a dozen images appear If two holes are \cry close 
together the images will overlap If a large hole is made, so 
many images overlap that all resemblance to the original 
flame is lost, and part of the screen becomes uniformly illu 




24 


DISEASES OF THE EYE 


minated. If we take away the cardboard altogether the whole 
screen becomes illuminated, and we now know that this is 


because we have an infinite number of images of the flame 
all overlapping each other. 

P R Lighttravelswithdifierentvelocities 

\ / difiercnt media. If the velocity is 

\ / less in one medmm than another the 

\ first medium is said to be optically 

denser than the second. 

\ / When light, travelhng in one me- 

^ Q Q dium, meets another me^ura it breaks 

Fia I0_Tto ray torn “P >«» P^rt « refecled 

P which strikes the back into the first medmm ; part is 
mirror AB at Q la « refracted into the second medmm. 
SQp“ram°tEan>e ^ the seOTnd medium IS opaque none 
plane, vit , that of the of the hght IS refracted, 
paper, and the angle of 


mctdenee, i, is equal to 
the angle of reSeetion, r 


REFtECnOX 

Let us now consider what happens 


to a ray of light when, traveltmgin one medium, it is reflected 
from the buiface of a denser medium ^7e have already said 
that Its diiectiou is altered. Before it meets the surface it is 


called an incident lay ; after 
it leaves the surface it is 
called the reflected ray. If 
a line is drawn at right angles 
to the surface at the point 
where the mcident ray meets 
it, it IS foimd to be an m- 
vanable rule that the inci- 
dent ray makes the same 
angle with this hne, which 
IS called the normal, that the 
reflected ray makes with it. 
Put in formal language, this 
lawof reflectionis tbst/orail 
surfaces the angle of incidence 
IS equal to the angle of refec- 
tion, and is tn the same plane 
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uJTt'd %i (Fig". W). 

Plane Mirrors. Let us apply this rule to an ordinary flat 
mirror (Fig. 11). If P is alnnunous point in front of the mirror 
AB, the ray PQ will be reflected towards R. and the ray PS 
towards T , le , the reflected lays QR and ST appear to come 
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from p, a point as far behind the mirror as P is m front of it 
As the rays QR and ST ha\ e to be produced backwards m order 
that they may meet, no real image is formed, and such an 
image is called a virtual image Note that the rays reflected 
from 3 plane mirror are divergent The same reasoning holds 
good for every point on the object PV, its image being pv as 
far behind the mirror as the object ismfront of it moreover, 
the Size of the image is equal to that of the object 
Concaic Mirrors Here the normal to the surface is the 
radius of the sphere If AH (Fig 12) is part of the section of 
a concave mirror and PB is an object, K being the centre of 
the sphere, then the line HKB is called the aas, and H the 
ape’c of the minor The ray PK through the centre of the 
sphere will obviously be reflected along itself, so that the image 
of P must be on PK The ray PA, parallel to the axis, will 
meet PK in p Hence p is the image of P Now it is found 



that all rays parallel to the axis and not very far removed 
from it c ut th e axis in the same point F, and this point bisects 
fie hne HK This point is called the prmcipal focus of the 
mirror If the object PB were removed a very great distance 
away from the mirror, all the rays which fell upon a small 
portion of the mirror near H would diverge so httle from each 
other that they would all be practically parallel to BH, and 
the image of PB would be extremely small and situated at F 
In each of these cases the image is au inverted One of the object 
It IS an axiom of optics that the direction of the rays is 
reversible Hence, if pb were an object, it would have its 
image at PB, and if there were an object at p, all the rays 
from it reflected by the miiror would be parallel to the axis, 
and the image would beinfinitely large and situated at infinity 
IVhat would happen if the object were situated between 
F and H * In that case fFig 13) the Tay« would i verge after 
reflection as if they came from an object behind the mirror. 
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mucli ns they do with a plane mirror The image would there 
fore be a \nrtual one, situated behind the mirror it would be 
erect and larger than the object 

The important fact to remember with regard to conca\e 
mirrors is that if the object is farther away from the mirror 
than Its focal distance, t e , than half its radius of curvature. 



lio 13 — The raj* from P parallel to the axu is reflecteil throug:b F, the 
principal focus. The ray FP « reflected parallel to the axis. The 
ray KP nornsaJ to the surface aod »s therefore reflected oo )f<clL 
Any two of these rays wUl gtee the situatioo of p, the image of F 

the image is a real mverted one situated aLo m front of the 
mirror This is the condition which is almost always present 
in the ordinary use of ophthalmic instruments 
Coni'ex Mirrors We are not accnstomed to use convex 
mirrors m ophthalmic instruments, but it is necessarv to know 
what happens with them, since the cornea acts as a convex 



\ 


Flo 14 — Beflection by & convex nurror The de«cnption of Fig 13 
applies e<|oaIly to this case. 

mirror Here, as will be seen from Fig 14, the image is always 
virtual, erect, and smaller than the object As with the con 
cave mirror, if the object is a long wav off, the image will be 
situated at the pxmcipa] focus sc, ata dj«tanre egu^ to half 
the radius of cunature behmd the minor. 

Refraction 

We have now to consider what happens to the refracted rav 
when the incident rav, travelhng in one medium, eg, air. 
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Fio 15 — ^Refraction by a place hmina 


meets an optically denser medium, eg, glass We have 
already said that the light wiU now travel more slowly It 
follows directly from this fact that it will be deviated towards 
the normal to the surface, and it ml! be more deviated the 
greater the difference in optical density between the two 
media If thedensity of airis taken as unity, then the ratio of its 
density to that of thesecond 
inedmm is called the indez 
of refraction of the medium 
Plane Lamina Let ns 
see what happens when an 
incident ray, such as PQ 
(Fig 15), meets the surface 
of a plate of glass with 
parallel sides It will be 
deflected towards the nor 
mal, ah 'When the ray 
passes out of the glass on 
the other side, it will ob- 
viously be deflected away 
from the new normal, cd, 
just as much as FQ was 
deflected towards it Hence the emergent ray RS will be 
parallel to the incident ray PQ If the plate of ghss is very 
thin, RS will be practically continuous with PQ 
Pnsms If we imagine one side (CD) of the phte in the 
last figure to revolve 
round R, we shill be 
able to understand 
the nature of re 
fraction by a pnsm 
QR will now make 
a larger angle uith 
the new normal ef 
than it did with the 
old One cd Conse- 
quently the angle oi 
refraction mil also 
be larger, t c , the 
new direction of the 
emergent ray will be 
RT. In other words, the ray is denated towards the base 
of the prism 

The ray PQRS in Fig 10 is said to pass symmetncallv 



Fro 16 . — Refraction by R prwm 
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refracted 3n such a manoer that they all cross the axis id a 
single point upon the other side of the lens This point is 
called the principal focus of the leas, and its distance from the 
lens IS called the focal distance or length of the lens ^Vhen 
the lens has the same medinin, e ff , air, on each side of it, the 
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two principal foci, one oa each side of the lens, are situated at 
equal distances from it For thin glass lenses of low power the 
focal distance is equal to the radius of curvature of the two 
surfaces when these are equalij curved If there is an object 
a very long distance away from the lens, the rays which come 
from it are practically parallel Hence m this case an image of 
the object will be formed by the lens at its principal focus , 



Tin 20 —The ray PE parallel to the axa ts refracted through the 
second pnnciptd locus Fj The rav PF,. through the first principal 
JocHs. 13 refracted parallel to the axia The ray PO, threrogh the 
optical centre of the lens js not if^lectcd. Any two of these rays 
gire the situation of p, the Image of P 

ifc wiU be inverted and very small If the object is gradually 
brought nearer and nearer to the lens (Fig 20) the image will 
recede farther and farther from it, from being very small it 
will grow larger and larger, until, when the object is at the 
principal foens, the image will have receded to infinity, and it 
will be infinitely large, t e , all the rayw coming from the object 
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tliicmgii tte prism In circiUDstant-c^s if tte pn«m 

IS made of crown glass the deviation of the is ap|roii 
mately equal to half the refracting angle of prism a 
Pnsms are numbered according to the aPgle of prism 
(°) or preferably according to the actual de^^atlon (■^) eg 
a 4® pnsm is approximately the same as a pnsm 
IVe are accustomed to project objects along tbe direction of 
tbe rays of bght as they enter the eye an^ in doing so we 
Ignore the effect of refraction «ince it ente*^ relatively Uttle 
into OUT everyday experience If therefore we look at a 
candle P through a pnsm as in Fie 17 the light will appear 

come from p 



Objects then seen 
thi’ough a pnsm, 
appear displaced to 
^vafds the apex of 
th^ pnsm 
.LenSM Ordmary 
lenses are pieces of 
glnss with sphen 
caJ surfaces The 
luje passing through 
th^ centres of cur 
vatuie of the sui 


‘ asJ3 of the lens 
Fig 18 shows the 
chief vaneties of lenses \az (1) biconvex (2) biconcave 
(3) plano-convex (4) plano-concave (5) convexo-conca\e or 
meniscus these names require no further e^lanation 
The effect of a bicon\ex lens upon rays of bght meeting it 



2 3 4 5 

Tic 18— Types pf lenses. 


is i ety similar to what would occur if it wer^ replaced by two 
pnsms «.et base to base (Fig 19) 

If the me dent ravs are parallel to the they will be 
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be deviated , the ray PE parallel to the axis will pass through 
the second principal focus Fa , and the rav PFj through 
the first principal focus wjU be parallel to the axis after 
refraction Hence -ph must be the image of PB 
The effect of a biconeaxe lens upon rays of light meeting it 



1-10 


IS very similar to what would occur if it were replaced b) two 
prisms set apes to apes (Fig 23) 

Here, if the incident rays are parallel to the avis they will 
be divergent after refraction, and the amount of divergence 
of the mdixadual ravs wiil be such that if they are produced 
backwards they will all cross the axis in a single point upon 
the same side of the lens that they came from This and the 



Fic 24 — Tbs description of Fig 20 applies equally to this figure 


corresponding point on the other side of the lens are called 
the principal foci The biconcave lens also has an optical 
centre, situated upon the axis within it and having the same 
properties as m the case of the convex lens The image of 
any object formed by a concave lens can be constructed in 
exactly the same manner as for a convex lens (Pig 24) 
It will be found that m every position of the object the 



30 


DISEASES OF THE EYE 


at the prmcip'\l focu** are parallel to the oxis and to each other 
after refraction If the object is brought still closer to the lens 
than its focal distance (Fig 21) it will be found that its image 
IS a virtual one behind the object, and that it is erect and larger 
than the object The positions of the object and image bear a 
constant relationshipto each otherand are called conjugate foci 
There is a point in the middle of a biconi ex lens which is 



liG *'1 — ^Tbe dncnption of Tig 20 sppl « equaDf to 
thu fixate 


called its optical centre With tbn lenses anjr raj* which 
passes through this point is procticallj not deiaated at all It 
is easj to understand why this is so If PQFS (Fig 22) u 
such a rav and tangents are drawn to the two surfaces at the 
points Q and R, these two tangents will be parallel to each 
other Consequently, the 
lens acts for such a ray 
exactly as if it were a plate 
with parallel sides, and we 
ba\e alreadj <ieen that in 
such a case the emergent 
ray is parallel to its 
original direction If the 
lens IS very thin the re- 
fracted ray will be prac 
tically contmuoiis with the 
incident ray 

If we know the'C facts 



Fio 22 — Properties of the opticel 
centre ot a tens. 


VIZ , that rays passing 

\b3Wigb 'Alt v-eTiVi-fc 

are not deviated and that 


ravs passing through the principal focus ate parallel to the 
axis after refraction we can easily construct the ima^e of an 
object m any giaen position Thus in Fig 20 u PB i« 
an object the rav PO through the optical centre 0 will not 
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be deviated , the ray PE parallel to the axis will pass through 
the second principal focus Fa , and the rav PFi through 
the fjr^fc pnncipal focus mil be parallel to the axis after 
refraction Hence ph mnst be the image of PB 
The effect of a biconcave lens upon rays of light meeting it 



Iro. 23. 


IS %ery similar to what would occur if it were replaced by two 
prisms sot anet to apex (Fig 23) 

Here, if the incident nys are parallel to the axis they will 
be divergent after refraction, and the amount of divergence 
of the individual rays will be such that if they are produced 
backwards they will all cross the axis m a single point upon 
the same side of the lens that they came from This and the 
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corresponding pomt on the other aide of the lens are called 
the principal foci The biconcave lens also has an optical 
centre situated upon the axis within it and having the same 
properties as m the case of the convex lens. The image of 
any object formed by a concave lens can be constructed m 
exactly the same manner as for a convex lens (Fig 24) 
It will be found that m every position of the object the 
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®Ppo>ttc direction to that in which the Jens is moved Jf ve 
repeat the process with a cottca\e Jens the objects teem to 
®ove m the same direction oe the lens The reason is to he 
fcund m the fact that a convex lens forms an inverted, Mlulst 
a concave forms an erect, image If we place two knses of 
opposite sign but equal curvature m contact with one another 
the combination will make a plate with parallel sides such 
a plate, as we know, does not practically deflect tlie rays of 
light at all Hence we can determine the strength of a lens 
by exactly neutralising it 
With a lens of the oppo- 
site sign out of the trial 
case Let us take a con 
Crete example, a particu 
Jar lens which we wish to 
determine We hold it 
up and find that distant 
objects seem to move m F,o 25 

the opposite direction to 

the lens We know that it is s convex lens We then put a 
weak concave lens m contact with it and repeat the process 
We find that with a — 2 D lens objects etilJ seem to move m 
the opposite direction, though not so much With a — 3 D lens 
there is only a trace of movement, and with a — 3 5 D lens 
there is no movement at all We conclude that the original 
lens was + 3 6 D In performing this test it is important to 
have the two lenses as closely m contact as possible, and also 
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to ha% e their centres in contact (Fig 25) If the centre of 
one lens is higher than that of the other they will obviously 
not counteract each other exactly If they are not m contact 
the result will be either too high or too low 

VVhen the lenses are in contact the refractive power of the com 
bmation (D) is equal to the algebraical sum of therofractivopowers 
of tfao two lenses (di, d,l t < , D = d, + d*. or — = ^ + ^'wliere 

/i» fit ore the respective focal distances (Tig 2d) 
nu ortTE 5 
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Suppose, fiowerer, that two eoQTex Jcasea are separated by a 
distance e (Fig 26) The lens A will make parallel rays converge 
towards a, but after a distance « Ui«^ meet the lens B hence the 


convergence of the rays is not expressed by i, but 
/j , 

Therefore the combined effect of the lenses, D, or p, is 



now equal 


It the second Jens (B) i» a coaeire one (Fig 27} its effect will 
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be one of dirergence, eo that it must have a negative sign and D 
«iU now be equal to j ' ~ ~ g ~ ^ 

It IS to be noted that m the fotmola 
-i- 4-1 

F IS now the posterior focal length the incident light impinging 
upon the lens whose focal length is f, and beiug directed towards 
the lens whoso focal length is /, The following formula givta the 
equivalent focal length (F.) of the combmalion, irre'tpective of 
the direction of light — 

P /i/i 

Examples (DA = 533 mm ,/,= 250mm e=133ram 

Then 333^-133 + 250“ U 1 
That IS the combioatioa of a 4- 3D lens with a 4- 4 D, separated 
by a distance of 133 mm will be that of a 4- 9 D lens instead of 
a 4- 7 D if they had been in contact 

(2) /i = 333 mm /,*= — 83 mm c= 133 mm 

Then j = 333 “ijs ” gs ^ ~ 142 
That 13, the combination of a 4- 3 D lens with a — 12 D, separated 
by a distance of 133 mm , will be that of a ~ 7 D lens, instead of 
— 9 D it they had been m eoatnet 


CHAPTER IV 

Elementary Physiological Optics 

The eye as an optical instrument very much resembles an 
ordinary photographic camera The latter consists of a dark 
chamber mth an aperture m front contaiamg a strong convex 
lens, and with a movable back behind The effect of the lens 
13 exactly hke that shown m Fig 20 PB will represent the 
object to be pho^^oa-aphed , the movable back is adjusted so 
that it oceupiea tk* position of pb, in which case a sharp image 
of the object will be thrown upon the ground glass which 
forms the back The ground glass is then replaced by a sensi- 
tive plate, and the photograph is taken 

In the eye tho ret na corresponds with the sensitive plate 
Instead of having only one lens m the front aperture, repre* 
seated by the crystalline lens, there is also a curved plate with 
parallel sides, the cornea, which acts hke another lens, and 
indeed Las a much stronger optical effect than the ciystaUine 
lens The object of this more complicated arrangement is to 
shorten the focal distance of the system, so that the eye may 
be shorter and more compact 

From this analogy we see that the eye, from the optical 
point of view, acts ULe a strong convex lens We have already 
stated that when a lens has the same medium on each side of 
It the anterior and the posterior focal distances ate equal to 
one another This is not the case in the eye Here the 
medium m front is air, while behind the lens there is the 
vitreous, which has a higher refractive index, rather mote 
than that of water Hence the antenor and postenor principal 
focal distances are not equal, the sntenor being about 13 mm 
m front of the cornea, and the poatenor about 23 mm 
behind it 

The cornea has about the same optical density or refractive 
index as the aqueous, which is also equal to that of the vitre- 
ous The anterior surface of the cornea may be regarded as 
nearly spherical, the radius of curvature being 8 mm The 
centres of curvature of the cornea and the two surfaces of the 
lens are all on the same straight hne, which is called the op^c 
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axis When a ray at lipht meets the cornea (Fig 29) the ray 
n*!)! be deflected towards the normal. * e , towarfs t)ie radius 
draun through the point of incidence It wdl pass through 
the hters of the cornea m the netr direction, and mil al'O 
continue in the same direction through the aqueous, for, as 
we h3\e said, the refractne index of the aqueous is the same 
as that of the cornea When the ray meets the lens, which 
has a greater refrictue index than the aqueous, it will again 
be deflected m the same sense, t e , towards the axis upon which 
the cornea and lens are centred 

The eye approximates to a bomocentnc optical system, i e , one 
compost of a senes of sphencai «arf3ce3 who«e centres lie on a 
commoQ axis The geometrical properties of such a system may 



Fio 28 — The Csavrsu. Form or taz Era 
The satenor pnncipat locos in front of (be cornea 
if/. The postenor principal foens opon tho retina 
il, H , the pnncipal points, in the anterior chamber 
K. K', the nodal points, in the posterior part of the Icna 
KJ Refrsetire indice* 

be mach simphfied by considenng them to po-isess three pairs of 
cardinal points or planes Kays passing through either principal 
focus emerge from the grstem, after refraction, parallel to each 
other A ray directed through one nodal point emerges, after 
refraction, through the second nodal point and parallel to its 
original direction A ray passing through any pomt on one 
pnncipof plane emerges, after lefraction, as though it came from 
the correspondmg point on the second principal plane, but the 
incident and emergent rays are not usually parallel to each other 
Since the principal and nodal points in the eye are rery close 
to each other no great error is introduced by fusing them into a 
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4igle principal point at tlie point where the axis cuts the cornea 
iinil a single nodal pomb m the postenor part of the lens (e n , 
Fig 30) 


We have seen that in the case of a lens, and the same is 
true of any homocenttic optical system, parallel rays meet at 



Tia. 29,— Emmetropjc eye PeraUe) rap are broucht to a feeus 
on tbe retinft. 


the pnncipal focus Hence, if parallel raj^ fall upon tbe 
cornea, they will be brought to a focus 23 mm beomd it 
Now, the i-wa which ate emitted by a luminous body are 
divergent if, however, the object is a long distance away, 
the individual rays m any small bundle will diverge so httle 
from each other that they may be regarded as practically 



parallel This is the case with the small bundles of rays which 
are able to enter the pupil of the eye Hence, as m the case of 
a convex lens (mdc p 29), the image formed by the eye of these 
distant objects wiU b« » tuated at the principal focus, t e , 
23 mm beWd the cornea But that la exactly the distance of 
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the retina from the cornea m the normal e} c Hence vre see 
that the normal eye m its condition of rest is so constituted 
that distant objects form their images upon the retina (Fig 29) 
The optic axis, produced backwards to meet the retina, cuts 
It almost exactly at the fovea centralis Bence, any distant 
object on the prolongation forwards of the optic ans will 
have its image at the fovea, which is the best spot lor distwet 
vision. 

^e notice that, just as with a convex len«, the image ts 
jted It 13 re'inverted psychological!} m th"* bram 
IS easy to find the size of the retinal image which anr 
mal object will form, smee the eve po «esces an optical 
centre, which, however, is usually called the r'xfof point (fs*), 
quite si mi l a r to the optical centre of the le'is In the eye this 
pomt IS situated upon the optic avis near the bach of the lens. 



Fia 3] — HroeriDetfer' PanW nn tend lowds 

a f!KO» Ubnd ileietms. 


As in the case o! lenses, anv nr which passes through this 
pomt will not be appreciablr dedected If, therefore, there is 
an object PB (Fig 30) in front of the eye, the -=ize of its retinal 
image pb is found by joining the extremities of the object and 
the nodal pomt and prodncing these lines until they meet the 
retina The Imes will enclo'e an angle, PNB, which is called 
the t'tsual angle . m other words, the angle subtended by the 
object at the nodal point is called the visual angle It is of 
course equal to the angle p'<b, which is subtended by the 
retinal image at the nodal point 

In some eyes the retina is not situated m exactly the right 
place for the images of distant objects to be clearly focused 
upon it It mav be too far forward (Fig 31) or too far back 
(Iig 32) , m the former ca«e they are said to be hyperme 
tropic, in the latter myopic If we consider the effect upon 
parallel rays we shall see that m the hypermetropic eye they 
have not had space to come to a focus, whereas m the myopic 
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eye they have not only come to a focus, but have commenced 
to diverge In each case a blvuxed image vnll be formed upon 
the retina, and vision ivill be impaired Such conditions are 
called errors of refraction or ametropia {a, privative, fitrpoi, 
measure , not according to measure) In contradistinction to 
hypermetropia and myopia the normal condition is called 
emmetropia 

It has already been stated that m optics the direction of 
the rays is reversible Let us imagine a minute point on the 
retina to be luminous It will give out rays which will diverge 
m all directions Some of these rays will meet the lens and 
cornea and pass out of the eye Now, m the emmetropic eye, 
those rays which get through the pupil will have to submit to 
exactly the same optical deviations oa the parallel rays falling 
upon the cornea did when they pa^ed into the eye and came 



rw 32 — Myopic eye Parallel rays are brouglit to a focus la 

front of the retina 


to a focus on the retina Hence, on the principle of the 
reversibility of the rays, the rays coming from a point on the 
retina, will be parallel to each other when they leave the eye 
(Fig 29) 

Suppose, however, that the eye is hypermetropic owing to 
being too short (Fig 33) The rays commg from a point on 
the retina will be relafavely more divergent than the corre- 
spondmg rays of the emmetropic eye before they fall upon 
the back of the lens (Compare the eSect of facing an 
object closer to a convex lens than its prmcipal focus 
(Fig 21) ) The lens and aqueous and cornea will therefore 
cause them to converge less than in the emmetropic eye 
They will therefore still be divergent when they leave the eye, 
though of course not so divergent as when they were passing 
through the vitreous In fact, Iheir direction will be the same 
as if they came from a point behind tlie eye jTh'' nearer the 
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eye they have not only come to a focus, but have commenced 
to diverge In each case a blurred image 'wnll be formed upon 
the retina, and vision will be impaired Such conditions are 
called errors of refraction or amelropta (a, pnvative, [jifrpoi, 
measure , not according to measure) In contradistinction to 
hypermetropia and myopia the nonnal condition is called 
emmetropia 

It has already been stated that m optics the direction of 
the rays is reversible Let ns imagme a minute pomt on the 
retina to be luminous It vtiII give out rays which will diverge 
m all directions Some of these rays will meet the lens and 
cornea and pass out of the eye Now, in the emmetropic eye, 
those rays wbch get through the pupil will have to submit to 
exactly the same optical deviations as the parallel rays falhng 
upon the cornea did when they passed into the eye and came 



FiQ 32 — Myopic eys ParalleJ rays are brought to a focus in 
front of tbe retina. 


to a focus on the retina Hence, on the pnnciple of the 
reversibility of the rays, the rays conung from a pomt on the 
return will be parallel to each other when they leave the eye 
(Fig 29) 

Suppose, however, that the eye is hypermetropic owing to 
being too short (Fig 33) The rays coming from a point on 
the retma will be relatively more divei^nt than the corre- 
spondmg rays of the emmetropic eye before they fall upon 
the back of the IcM (Compare the efiect of placing an 
object closer to a convex lens than its prmcipal focus 
(Fig 21) ) The lens and aqueous and cornea will therefore 
cause them to conveige less than in the emmetropic eye 
They will therefore still be divergent when they leave the eye, 
though of course not so dive^nt as when they were passing 
through the vitreous In fact, thear direction will be the same 
as if the} came from a pomt behind the eye The nearer the 
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the retina £rom the cornea in the aormal eye Hence we see 
that the normal eye m its condition of rest is so constituted 
that distant objects form their images upon the retina (Fig 29) 
The optic axis, produced backwards to meet the retina, cuts 
it almost exactly at the fovea centralis Hence, any distant 
object on the prolongation forwards of the optic axis will 
ha%e Its image at the fovea, nhich is the best spot for distinct 
vision 

We notice that, just as with a convex lens, the image is 
inverted It is re-inverted psychologically m the bram 
It IS easy to find the size of the retinal image which an} 
external object will form, since the eye possesses an optical 
centre, which, however, ts usually called the nodal point (N), 
quite similar to the optical centre of the lens In the eye this 
pomt IS situated upon the optic axis near the back of the lens 



Flfl 31 — Hyperm«tfopic ey*. Parallel rays tend to^rds 
a focus behind the retina. 


As m the case of lenses, any ray which passes through this 
point will not be appreciably deflected If, therefore, there is 
an object PB (Fig 30) m front of the eye, the size of its retinal 
image pb is found by joinmg the extremities of the object and 
the nodal pomt and produemg these Imes until they meet the 
retina The Imes will enclose an angle, PNB, which is called 
the nsual angle , m other words, the angle subtended by the 
object at the nodal pomt is called the visual angle It is of 
course equal to the angle which is subtended by the 
retmal image at the nodal pomt 

In some eyes the retina is not situated m exactly the right 
place for the images of distant objects to be clearly focussed 
upon It It may be too far forward (Fig 31), or too far back 
(Fig 32) , m the former ca'e they are said to be hyperme- 
tropic, in the latter myopic If we consider the effect upon 
parallel rays we shall see that in the hj’peimetropic eye they 
have not had space to come to a focus, whereas in the myopic 
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eye they have not only come to a focus, but liave commenced 
to diverge In each case a blaned image iviU be formed upon 
the xetina, and vision mil be impaired Such conditions ate 
called errors of refraction or amttrojna (a, privative, {UTpov, 
measure , not accotdmg to measure) In contradistinction to 
hypermetropia and myopia the normal condition is called 
emmetropia 

It has already been stated that m optics the direction of 
tho rays is reversible Let us imagine a minute point on the 
retina to be luminous It will give out rays which will diverge 
m all directions Some of these mys will meet the lens and 
cornea and pass out of the eye Now, m the emmetropic eye, 
those rays which get through the pupil iviU have to submit to 
exactly the same optical deviations as the parallel rays falling 
upon the cornea did when they passed into the eye and came 
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to a focus on the retina Hence, on the pnnciple of the 
reversibility of the rays, the rays coming from a point on the 
retina will be parallef to each other when they leave the eye 
(Fig 29) 

Suppose, however, that the eye is hypermetropic owing to 
being too short (Fig 33) The rays coming from a pomt on 
the retma -mil be relatively more divergent than the corre- 
spondmg rays of the emmetropic eye before they fall upon 
the back of ihe fens ^Cbmpare (he pkerag- sa 

object closer to a convex lens than its prmcipal focus 
(Fig 21) ) The lens and aqueous and cornea will therefore 
cause them to converge less than in tho emmetropic eye 
Tbej will therefore still be divergent when they leave the eye, 
though of course not so divergent as when they were passing 
throu<Th the vitreous In fact, their direction will be the same 
as if they came from a point behind the eye The nearer the 
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retina is to the lens, the more dnergent they will be, and the 
nearer to the back of the eye will be the point from wLch they 
seem to come This virtual pomt (R) behind the eye is called 
the remote or far potnt of the eye The point on the retina and 
this point behind the eye are really conjugate foci (Fig 33) 



Pio 33 — Itypermetropic eyt Rays ffom a point on tbe retina are 
divergent when they emerge from the eye u if they came from the 
pomt It behind the e^e 

Suppose now that the eye is myopic owing to being too long 
(Fig 34) The ra>s coming from a point on the retma wiU 
be relatively less divergent than the correspoodmg rays of the 
emmetropic before they fall on the back of the lens (Compare 
the efiect o! placing an object farther away from a convex 
lens than its principal focus (Fig 20) ) The refractive media 
in front will therefore cause them to converge more than in 
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the emmetropic eye They will hence be convergent when 
the^ leave the eye, and will cross m a pomt (R) somewhere in 
front of the eye (Fig 34) The farther the retina is from the 
[ens, t e , the higher the degree of myopia, the more convergent 
they will be, and the nearer to the front of the eye will be the 
pomt where they cross This point is agam the conjugate focus 
to the pomt on the retma, but m this case it is a real pomt 
It is also called the remote or fat point of the eye 
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Where then js the far point of the emmetropic eye ^ We 
have seen that in each of the other conditions it is where the 
rays emitted from a point on the retina meet after emerging 
from the eye In the emmetropic eye the emergent rays are 
parallel to each other But pantUel rays meet at infinity , 
therefore the far pomt of the emmetropic eye is at infinity 
It IS obvious that, in hypermetropia, if we give the rays the 
requisite amount of convergence before they enter the eye 
they will be brought to a focus upon the retina We can do 
this by placing a convex lens m front of the eye (Fig 35) 
This JS what is done by means of spectacles The refractive 
or convergent power of a convex lens is the reciprocal of its 
focal distance Hence in hypermetropia of I D, a convex 
lens of I D or 1 metre focal distance placed m contact with 
the cornea will direct parallel rays towards a pomt 1 metre 



Fio 3o —HTpemetropic eye. Pmllel ueideDt nyt brought to o 
iocua on the retina b; means of a suitable convex lens. 


behind the eye, te, to the far pomt of the eye Such a lens 
acting m combination with the refractive force of the eye 
would bring the rays to a focus on the retma But lenses 
can only rarely be worn in contact with the cornea (w p 535) 
If the lens is placed 20 mm in front of the cornea its focal 
length will have to be 1,020 mm instead of 1,000 mm (tide 
p 34), but this small difference is negligible, and we are 
accustomed to measure errors of refraction by the strength of 
the lens which is required when it is placed m the ordinary- 
position of a spectacle lens (Fig 35) 

Similarly m myopia, if we give the rays the reqmsite amount 
or'cfivei^ence deibre tfiey enter c'de eye iideywiil' de druugiht 
to a focus upon the retina We do tms by placing a concave 
lens m front of the eye (Fig 36) Here we should want a - 1 D 
lens m contact with the cornea to corract a myopia of 1 D, 
I c , an eye whose far pomt is 1 metre m front of the eye Since 
the glass has to be worn about 20 mm in front of the eve it will 
have to be rather stronger, » c , it will have to be of a focal 
^stance of 980 mm, instead of 1,000 mm 
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There js an advantage in having the correcting gla<53 m 
ametropia in the position of the anterior focus of the eje, 
because under these conditions the size of the retinal image 
13 exactly the same as if the eye were emmetropic (Figs 37, 39) 
The antenor focus is about 13 mm m front of the ej e, and 
this IS 80 close that the lashes are apt to rub agimst the 
glasses, soiling them and causmg discomfort Hence spectacles 
are usually placed shghtly farther awaj IVe have already 
discovered one effect of this, viz , that the convex glass m 
hypernietropia has to be rather weaker, and that the concave 
glass m myopia has to be sbghtly stronger It also has on 
effect upon the size of the retmal image, making it larger m 
hypermetropia and smaller in myopia (Figs 38, 40) The 
increase m size in hypermetropia is advantageous, but tbe 
diminution m myopia is a dis^vantage, especially m very 



Flo 33 — 3Iyopi« ej-e Parallel ineidrat raye brought to a focu.i 
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high degrees Consequently in the latter the glasses ought to 
be made to fit as closely to the eyes as possible, the ey^shes 
being cut short if necessary • 

We have seen that m every case the far point and a point 
on the retina are conjugate foci Hence an object situated 
at the far point of any eye will have a sharp image upon the 
retma (Fig 34) This may be made clearer perhaps if we 
consider the myopic eye from another point of view We have 
seen that the rays from a point on the retma meet m front of 
the eye at the far point We may again use the principle of 
reversibihty of rays If there is a luminous point at the far 
point, the rays emitted from it which enter the eye will meet 
on the retina , m other wmds, the image of an object at the 
far point will be upon the letma 

From the^e considerations we learn how it is that a patient 
with myopia cannot see clearly things which are a long dis- 
tance away, whereas he can see things which are near In 
common parlance, he is “ short sighted ” He can see things 
at a distance better if he screws up his eyes This is because 
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Tigs 37—10 —rffect of correcting leases upon fheei2cof the retinal 
image In Figs 37, 39, irbere the optical ceotre of the lens 0, 
comodes with the anterior focal point of the e/e F,, the sire of 
the retinal Image Is the same as m emmetropia When the lens is 
closer to the eve than the anterior focal dutance of the eve the size 
of the retinal image is dimfoislied fconvex lens Fig 38) or 
increased (concave lens. Fig 401 
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be thus makes a narrow dit to look thiougi, and this sbt acts 
like the bole in the cardboard before a candle (tide p 23) The 
term myopia ongmated m this pecubanty (ixirfti, to shut; 
the eye or countenance) 

The patient with hypennetropia, on the other band, can see 
neither distant nor near objects clearly with his eyes at rest, 
smee the far point is virtual, and it is impossible to place an 
object at its situation We shall see later that be is better off 
than the myope by virtue of accommodation 
We ba\ e already seen that the emmetrope sees only distant 
objects clearly with bis eyes at rest, since the rays from such 
distant objects are nearly parallel For practical purposes 



Fio 41 •>Sturm s coDoid. V V, vertical mendianot refnctiagaurfa^e, 
more curved lhaann tbebonzooUlmendjan. A B C^B £ F, O, 
acctions of conoid. From B to F ts the focal interval of Sturm 
B shows the circle of least diSusioa. 

objects more than 6 metres (20 feet) away from the eje form 
clear images upon the retina 

The condition of an eye, whether emmetropic, hyperme- 
tropic, or myopic, is call^ its refraction, or mote accurately 
its static refraction, smee the term appbes to the eye at 
rest 

We have hitherto considered only such errors of redaction 
as are due to axial shortening or lei^hening of the eye (nanal 
ametropia) It is not difficult to understand that ametropia 
might be due to other causes Thus, myopia might be due 
to the refractive power of the eye being too strong , m this 
case parallel rays would be brought to a focus in front of the 
retina even if this were m its normal position Increase or 
decrease m the refractive power of the eye might be due to 
two causes It might be due to alteration m the refractuc 
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indices of the media, or to alt^tioa m the curvatures of the 
refractive surfaces ametropia due to these causes is called 
index or cunature ametropia respectively Both are much less 
common than axial ametropia Index ametropia is very rare, 
though we shall have a phyaiological example of it later (mde 
P 62) 

Curvature ametropia has a special importance, not because 
it gives nse to simple hypermetropia or myopia, but because 
it 13 the cause of another very troublesome error of refraction, 
called astigmatism In most eyes, even if they are ametropic, 
the areas of the refractive surfaces imcoi ered by the pupil and 
used m vision are very nearly sphencal Sometimes, however, 
they arc not In most of these cases it is the cornea ivhich is 
at fault, and the error is generally of such a nature that this 
surface is flatter from side to aide than it is from above down- 
wards Even in these cases the curvatures in the vertical and 
horizontal meridians are both sphencal, but the ladms of 
curvature of the horizontal meridian is longer than that of 
the vertical Such a surface is said to have a tone cmvatuce 
Perhaps the pressure of the Uds on the globe tends to squeeze 
it above and below 

IVhat wiU be the effect of such a tone cornea upon the 
refraction of the eyp 1 Clearly the more 
curved mendian wiU have more refractive 
or conve^nt power than the less curved 
hence if parallel rays fall upon the aurfacp 
the vertical rays will come to a focus 
sooner than the horizontal The rays 
after refraction will be perfectly symmetrical 
when referred to the vertical and horizontal 
planes They wiD have two foci The whole 
bundle of rays is called Stunn’s conoid, and 
the distance between the two foci is called 
the focal mterval of Sturm It is difficult 
to represent this conoid on a plane surface 
(Fig 41), but we can see what sections of 
the bundle or pencil of rays would look hkc 
at different distances from the refractive sur- 
face (Fig 41 A — G) 

At A the section will be a honzontal oval 
or oblate ellipse, because the vertical rays 
more rapidly than the honzontol At B the vertical rays 
have come to a focus, while the horizontal are still con- 
verging the section will be a horizontal straight line 
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At C, D, aad E the \ertical rays are di\ergjng and the 
horizontal are still con\ergmg At one place in this focal 
internal there will be a spot (D) where the vertical rays ha^c 
diverged from the axis exartly as much as the horizontal 
rays have converged towards it Here the section is a 
circle, which is called the ctrcfe of least diffiisio7t At F the 
honzontal rays come to focus while the \ ertical are 
diverging the section will be a \ ertical straight hne 
Beyond this point, as at G both sets of rays are diverg 
mg, and the section wiU always be a vertical oval or prolate 
ellipse 

MTiat anil happen if the retina is situated at either of these 
points of section * In the first place it is obvious that the 
retinal image will alwajs be blurr^, and it is because the rays 
never come to a focus m a single point that the condition is 
called astigmatism (5, pnvative, oriypa, a point) If the 
retina cuts the conoid at A, where none of the rays have come 
to a focus, every mendian will be in the same condition, 
though m different degree, as in the nsial hypermetropic eye 
this condition is therefore called compound ht/pennetropie 
astigmatism If the retina is at B the vertical mendian mil 
be m the condition of an emmetropic 
a eye, while the horizontal wiU still be 
in the condition of a hypermetropic 
one this condition is called simph 
K hijpermaropxc astigmatism At C, D, 
and E the vertical mendian will be in 
j ij the condition of a myopic, and the 
1 J horizontal stiU in that of a hyperme 
I ,) X tropic eye this is called mixed asUg 
^ moftsm At F the vertical mendian 
IS still myopic, whilst the honzontal is 
m the same condition as m an emme 
b , tiopm eye this is simple myopic 
astigmatism Beyond F, as at G, both 
mendians are m the condition of an 
axial myope, the rays havn^ crossed m the vitreous this, 
is compound myopic astigmatism Ail these positions of the 
retina are met with m actual practice, though there is often a 
combmation of axial and curvature defects 

Distant vision is often found to be surprisingly good with 
relatively high degrees of mixed astigmatism, probably because 
the circle of least diffusion falls <m or near the neuroepithehum 
of the retina 
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—Refraction of parallel rays through 
a, piano convex cylinder 


It will be readily seen that such a condition cannot be cor 
rected by means of any aphencal lens We must obtain some 
means of affecting 
one set of rays more 
than the other 
This means is found 
in cybndrical lenses 
Suppose CDET 
IS a cylinder of glass 
(Fig 42) AB IS 
called the axis of 
the cylinder If a abce is cut off the cylinder by a plane 
parallel to the axis, it would form a cylindrical lens 
Fig 43 gives representations of a convex and a concave 
cylinder The direction ab is called the axis of the cyhnder, 
since it 13 parallel to the axis of the original cyhnder from 
which the shoe may bo supposed to have been taken It is 
important here to warn the student not to confuse the axis of 
a rohencal and the axis of a cyhodncal lens, as they are totally 
diaecent things The axis of a cyhnder has just been described 
the axis of a spherical lens is the line joining the centres of 
curvature of the two surfaces 

How will a cylindrical lens affect parallel rays falling upon 
its surface ^ In the direction of its axis it is simply a plane 
lamina with parallel sides, so that it will have no effect upon 
the rays In the direction at right angles to its axis it is 

spherical on one 
Bideand plane on 
the other it will 
therefore act 
exactly like a 
piano convex or 
a piano concave 
lens, i e , it will 
make the rays either converge or diverge If a convex 
cyhnder is held between a point of light and a screen, a posi 
tmo. cvm be tmuod. far the sateftu. suoIl that a shar^ br'^gji.t bun 
is thrown upon it {Fig 46) this is the focal hue of the cyhnder 
It IS to be noted that the line is in the direction of the axis 
of the cyhnder If another convex cyhnder of the same 
strength were held with its axis at right angles to the first, it 
would obviously form a foc^ hne perpendicular to the first 
focal hne If the two cybndcrs are nut in contact with their 
axes at right angles, aU the rays after refraction must pas« 



Tio 45 — I’elraction of divergent ray* from & point 
of Iiglit thioogh D. piano convex cylinder 
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through both hues The only place rrhere they can go through 
both lines is where the lines intersect Hence we see that two 
cylindrical lenses of equal strength, placed in contact with 
their axes at right angles, act exactly like a convex spherical 
lens of the same strength as either of the cylinders 
When the cornea has its directions of greatest and least 
curvature at right angles to one another, the condition is 
called regular astigmaltsm In the commonest form, as we 
have said, the vertical mendian is the more curved, the 
horizontal the less this condition is generally called regular 
astigmatism “ according to the rule ” Sometimes the reverse 
is found this is said to be “ against the rule ” Not infre 
quently the axes are obhque Often after ulceration, A.C , the 
surface of the cornea is irregular This causes the raps of hght 
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to be refracted irregularly, bo that there is no symmetry at all 
about them and difierent groups form foci in ranous positions 
This IS called irregular osfijimafism it cannot be corrected, 
and can only occasionally be improved by glasses 
Accommodation We have to consider now how it is that 
a person with normal sight can not only see distant objects, 
but also near ones If an object is situated near tbe eye, c g , 
at ordmary reading distance — about 22 cm or 9 mches — the 
dive^ence of the rays which it emits cannot be neglected 
Since the convergmg power of the refractive media of the 
emmetropic eye is only strong enough to make parallel rays 
come to a focus on the retina, it is obvious that divergent rays 
fiilhng upon the cornea will not nearly have come to a locus 
(Fig 46) They will indeed be made convergent, but only to 
such a degree that they would meet somewhere behind the 
retina Now if we can make the convergmg power of the eye 
stronger, a point may be readied when it is just strong enough 
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to bring them to a focus on the retina This is what is done bf 
accommodation ond the manner in which the converging 
power of tlie eye is increased is by mahing tlie crystahine lens 
stronger 

We have seen that the refractive power of a convex lena 
depends upon ita refractive index and upon the curvature of 
its surfaces In accommodation it is the latter which under 
goes change The curvatare of the surfaces of the lens at rest 
m the eve is approximately spherical and the radius of curva 
ture of the anterior surface is 10 mm while that of the posterior 
surface is 6 mm In accommodation the curvature of the 
posterior surface remains almost the same but the antenor 
surface changes so that in strong accommodation its radius of 
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curvature becomes 6 mm The eye under these conditions 
which are called its dynamic refraction has a much increased 
converging effect upon the incident rays 
The mechanism by which this cliange m the curvature of 
the lens is brought about is as follows (Tig 47) The lens sub 
stance is plastic so that it tends to conform accurately to the 
shape of its capsule As has been described (p 10) the capsule 
13 anchored to the ciliary body by the suspensoiy ligament. 
In the condition of the fibres of the suspensory ligament 
are stretched In the cihaiy body is the tabary muscle wbch 
takes its origin from its antenor attachment to the sclerotic 
at the angle of the antenor chamber When the muscle con 
tracts it pulls the posterior part of the cihary body and the 
anterior part of the choroid forwards slightly The effect upon 
the suspensory ligament is to slacken it and with it the lens 
capsule The posterior surface of the lens is fixed by the sup 
port of the jelly hke vitreous, so that the slackening 
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capsule makes itself most felt in the anterior part, which 
becomes bowed forwards Since the anterior capsule is 
thicker behind the ins than m the pupillary area (Fig 48) 
there is a nipple like bulging of the lens through the pupil 
(Fmcham) 

The generally accepted theory here described is that of von 
Helmholtr According to Tscherning the ciliary muscle tightens 
the suspensory ligament so tliat the peripheral parts of the 
anterior surface of the lens are flattened and the central or 
pupillary area is increased in curvature 

Our control over the cihary muscle, though mvoluntarj, is 
very dehcate, so that all distances up to quite close to the eye 
can be accurately focussed Tbe nearest point at which small 



>*10 4S —Lens capmle constructed from post mortem ipccin ens 
Itclatire thickness magnified 100 times (Finchant) 

objects can be clearly distmguished is called tbe near point, or 
punctum proximum It is most accurately determmed by 
gradually bnngmg a fine thread closer to the eye until it is 
found impossible to see it perfectly clearly In pricface it is 
sufficient to use very fine prut and to determine the pomt at 
which it first becomes impossible to read it The distance can 
be measured by a centimetre or inch tape held close beside tbe 
eye For ordinary chnical purposes it is usually sufficient to 
judge tbe distance At tbis pout accommodation is eseited 
to its TnAYiTniiTTi j the lens capsule is as slack as it is possible to 
make it, and an object could only be seen clearly at a nearer 
pomt by placmg a convex lens in front of tbe eye 
It has been shown that tbe far point of the eye curies accord 
mg to ifs static reduction, t e , accordmg to whether it is 
emmetropic, hypermetropic, or myopic The near pomt also 
vanes with the static refraction, but it also vanes with the 
age of the patient the reason being that the lens becomes less 
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plastic as age advances We have stated that the lens is a 
mass of epithelium of which the central part is the oldest (mde 
p 9) As the lens gets older the central cells become tougher 
and more compressed, thus forming a relatively hard nucleus 
The nucleus is less plastic than the younger cortex, and as age 
advances more and more of the fibres become converted into 
nucleus Consequently the lens tends less and less to respond 
to changes m tension of the capsule Thus, a child of ten, the 
earhest age at which it is possible to obtain satisfactory 
measurements, is able to see a small object clearly when it is 
only 7 cm , or less than 3 inches, from the eye A person of 
thirty 3 ears of age cannot see clearly at less than 14 cm , or 
about 8i inches, from the eye 

Now, we have pomted out that the refractive power of a 
lens in dioptres is the reciprocal of its focal distance measured 
m metres (wrffi p 32) The same method is appbed to measure 
iAe siniic and aynamic rejQractive powers of the eye Thus, 
the static refractive power of a myopic eye whose fat point 
19 1 metre in front of the eye is said to be I dumtre , tms is 
usually expressed by saying that the eye has 1 l5 of myopia 
Similarly, if a hj^ierraetropic eye has its far point half a metre 
behind the eye it is said to have 2 I) of hypermetropia By 
this method the emmetropic eye, which has its far point at 
mfimty, has no refractive power when it is at rest, sino 



Applying the same method to the dynamic ^refractive power, 
the cluld of ten, whose near point is 7 cm from his eye, has 

a refractu e power of = 14 D, and a man of thirty, whose 

near point is 14 cm from his eye, has a reflective power of 


By this means we can obtain a general rule for mdicatmg 
the amoimt or amphtude of acconmodaUon, not only of emme 
tropic but also of hj^ermetropic or myopic eyes This is 
given by the formula A = P — ' It which states that the amph- 
tude of accommodation is equal to the refractive power of 
the eye when fully accommodated (t c , the reciprocal of the 
distance of the near point m metrw) less the refractu e power 
of the eye at rest (t e., the reciprocal of the distance of the far 
point m metres) 
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A few examples will make Hus clearer Thus, the emmetropic 

child of ten has an amplitude of accommodation of — — 

= 14 — 0 = 14 D ‘\\Tiat is the amphtude of accommodation 
of an emmetrope whose near point is 12 5 cm from his eje * 

Here A = — ^ = 8 D From statistics which haie 

been collected we can deduce that this man was about twenty 
SIX years old (wd« p 54) Now let us take a case of myopia, 
e ^ , a myope of 2 D whose near pomt is 8 cm m front of his 

ej e His amphtude of accommodation will be A = — 2 

8 

= 10 5 D What 13 the *implitude of accommodation of a 
hvperraetrope of 3 D whose near point is 12 5 cm from his 
eye ^ Here the far point is behind the eye and distances 
measured m this direction must bare the opposite sigo to 

those measured m front of the e>e Hence A = 

- (- 3) = 8 + 3 =* 11 D 

The numbers given by these calculations for the amphtude 
of accommodation give the strength of the convex lens which 
would have to be placed m contact with the cornea m order 
that the near point might be brought to the required distance 
without using the accommodation. Se\ eral mterestmg facts 
come to hght from the calculations Thus a bypennetrope of 
3 D has to exert II D of accommodation in order that he may 
see clearly at 12 5 cm, while an emmetrope has to exert 
only 8 D of accommodation to bnng about the same result 
We see, then, that the bypennetrope has to exert an amount of 
accommodationequivalentto tbcamount of his bypermetropia 
m order to focus parallel rays upon ius retina, t e , he has to 
use this amount of accommodation in order to see distant 
objects clearly Again, m the case of the myope of 2 D, his 
far point is half a metre, or 50 cm , from his eye , he can see 
clearly at that distance ivithout accommodating, but he has 
to exert 10 5 D of accommodation in order that he may see 
clearly at 8 cm from his eye This patient, then, has to exert 
nearly as much accommodation to alter his points of clear 
vision from 60 cm to 8 cm , » e , through 42 cm , that a hj^per- 
metrope of 3 D has to employ m order to move his point of 
distmct vision from infinity up to 12 5 cm We see, therefore 
that the range of accommodtUton t « , the distance between the 
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far pomt and the near pomt, js oot always the same for a 
given ampUtude 

The effect of age upon the static and djTiamic refraction is 
given m Fig 60, which is the result of a large number of 
statutics and gives the average results From this table we 
see that even the far point alters m advanced age After about 
fifty the eye tends to become hypermetropic, so that at eighty 
It has about 2 5 D of hypermetropia This has nothing to do 
with accommodation, and hence nothing to do with loss of 
plasticity in the lens It is, however, due to changes going on 
m the lens, viz , an alteration m its refractive index so that it 
has a weaher converging power 

Ihe refractive isdices of the successive layers of the leas increase 
from the periphery towards tfte nucleus The effect is twofold 
it tends to correct aberratioa by increasing tbs con* 
vergenee of the central rays, and tbe total refractive 
index of the whole lens is increased, being greater 
than the refractive index of the nucleus For the 
loiia may be looked upon as a central hi convex lens 
oncapsuled m two menisci (Pig 40) The menisci act 
ns concave lenses because the curvature of the nuoleus 
Fw 49 ^ greater than that of the periphery of the lens 
Hence they tend to counteract the effect of the central 
lens, bat not so much as if their refractive index was tbesame In 
old age the mdox of the peripheral 
layers usually increages, so that the 
total refractive index of the lens 
becomes less and the eye becomes 
hypermetropic (c/ p 311) 

Examination with the sltt lamp 
(vide p 97) reveals three chief 
surfaces of specular lofiection 
corresponding to the auteiior 
surface of the lens the surface of 
the adult nucleus,'* and the 
surface of the festal nncleiu ' 

(Pig 50} separated by zones of 
discontinuity Thofcctalnuclens 
corresponds to the leus at 
birth Its centre, the central 
interval ’ is most homogeneous, 
and therefore appears darkest (tide Pig "5, p 9S) The adult 
nucleus corresponds to the size of tho lens in early adult life It 
IS separated from the lens cajBule by tho cortex, consisting of 
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lens fibres laid down subsequently (ttde p 9) J^ote that the 
radii of curvature of the saecessive bands dimintsb from without 
inwards so that they act as negative meni«ci 

If we turn our attention to the curve of the near point ue 
see that the amphtude of accommodation gradually diminishes 
throughout life Now, we are accustomed to hold books for 
readmg or work for sewing dx , at about 10 inches or 22 cm 



dioptrea 

from the eyes In order to be able to see clearly at 25 cm 
100 

from the eye we have to cseit = 4 D of accommodation. 

If we look at the table wc shall see that an emmetrope has 
only 4 D of accommodation left at about forty-one years of 
age He will still be able to see clearly at 25 cm but not 
closer If he 13 about forty «»it he will have only 3 D of 
accommodation left He wiB not now be able lo see clearly 
at 25 cm , but he will have to hold Ins book farther off, viz 

at = 33 cm If he is still older he will have to hold the 
book yet farther off and be will probably have to use acrj 
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large pnnt or he will uot see cleailv at all This is the coudi* 
tjon which IS called presbyopia old) 

It RiU be seen that a patient never requires more than 
4- 4 P to correct his presbyopia only, since that is the amount 
of accommodation requited to place the far point of the 
resting emmetropic eye at reading distance A convement 
rule to remember is that a presbyope may requite 4* 1 D for 
every five years after forty , t c , at forty five, 4* 1 D . 
fifty, 4" 3 P , at fifty five, 4“ 3 H » at sixty and later, 4* 4 D 
The rule errs in giving too liberal a correction , a smaller 
correction is often more comfortable, and owing to considerable 
individual variation each case must be treated on its merits 

It IS a common error among students to think that pres 
byopia IS a condition which commences at about forty five 
years of age m emmetropes, and earher in hypermetropes Of 
course this is not so the condition which has been increasing 
throughout life first becomes troublesome when the near point 
of the eye has receded so far that it is beyond comfortable 
reading distance 

There are two other phenomena which occur with accom- 
modation, one affecting the ins, the other the direction of the 
eyes In order that we may see a near object we must look 
at it , hence in order that we may see it at the same time with 
both eyes they must each turn inwards or converge The 
amount of convergence, hke the amount of accommodation, 
depends upon the distance of the object It is therefore easy 
to understand that there is a close relationship between 
accommodation and convergence "We shall have more to 
say upon this subject when we consider thevanous forms of 
squint 

When we accommodate for a near object the pupil becomes 
smaller, or contracts Experiment has shown that this 
movement of the iris is associated with the accompanying 
act of convergence rather than with accommodation per 
se It 13 probably of the nature of an associated move 
ment, or, as I have termed it, eynkmesis (avi , with, Kiininf 
mcwninentf/ 

Contraction of the pupil during accommodation is not far 
the purpose of diminishing aberration, since this is already 
diminished by the act of accommodation It has the effect 
of compensating for the relative increase of hght entenn^ the 
eye from near objects, but is greater than is necessary to 
produce this result 

It 13 not imcommon for the refraction of the two eyes to be 
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different this condition is called antsomefrojno (5, pnvative , 
Tiror, equal, iz>easure) It might be anticipated that 

this could be corrected to some degree or entirely by unequal 
accommodation m the two ^es Thus, if one were emme- 
tropic and the other hypermetropic, both eyes would be able 
to distmguish distant objects clearly if the hypermetropic one 
alone accommodated the requisite amount to correct its hj*per 
metropia It has been conclusively pro\ ed, however, that this 
does not occur When ^ese cases are not corrected by the 
proper glasses clear vision is wholly umocular 

Although astigmatism is chiefly due to faulty curvature of 
the cornea, m some cases there is also lenticular astigmatism 
This is not generally du&to unequal curvature of the surfaces 
but to abght tilting of the lens, so that the incident rays fall 
upon it obliquely If we look through a tilted glass lens at 
pnnted matter we shall see that the letters become distorted 
and elongated in one direction , this is a form of astigmatism 
The astigmatism of the crystalline lens is generally of such a 
nature that it tends to counteract the corneal astigmatism, 
though sometimes it adds to the effect As in anisometropia, 
it might be thought that astigmatism could be corrected bv 
accommodation If, for instance, the ciharv muscle acted 
only at the sides and not at all above or below, the antenor 
surface of the lens would become more curved in the honrontal 
than m the vertical meridian This would counteract the effect 
of the ordumry form of comeal astigmatism It has been 
proved, however, that this abo does not occur ^Vhen the 
cihary muscle acts, it acts equally aU round the circle , and 
when one cfliary muscle acts, the one m the opposite eye acts 
simultaneously and equally under ordmary conditions 

The PoriLs 

The iris acts hke the diaphragm of any ordinary optical 
system, such as a photograpmc camera or a microscope In 
discussing the effects of spherical mirrors in reflecting, and of 
spherical surfaces in refracting the rays of hght, we said that m 
each case they were all brought to a focus in a single point 
This 13 really only an approvunation, which is suiEctently 
accurate lor rays close to the axis In a convex spherical lens, 
for instance, parallel rays near the axis meet at the prmcipal 
focus {vide p 29) The rays farther away from the axis, how 
ever, are refracted too much, eo that thej cut the axis nearer 
the lens than the principal fociu (Fig 52) This cause** a 
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blurring of the edges of the image, winch is said to be due 
to spherical aberration The ^apbragtn cuts off these pen 
pberal rays, and thus prevents the blurnng In tlie eve the 
surfaces are not even sphencal near the penphery, and are 
often not so in the centre, so that much more aberration is 
liable to occur The ins reduces the effects of the evil to a 
mimmum 

There is also another form of aberration due to the imperfect 
refraction at sphencal surfaces White light is made up of all 
the colours of tbespectrum Thecomponent rays are refracted 
differently, the violet most, the red least Hence there is a 
tendency for the white light to be spht up into its components, 
m which case the image will have n coloured edge This 
phenomenon is called chromatic aberration 

^Vhen hght enters the eye and falls upon the retma the pupil 



contracts We have already seen that the pupils also contract 
whan the optic axes conveige in accommodation On the 
other hind, they dilate if the skm of any part of the body is 
pinched or any sensory nerve is stimulated to the extent of 
causing pain These responses to stimuh of various kinds are 
very rapid and dehcate, and are easdy observed "When they 
are altered by disease the changra which occur afford very 
valuable information as to the condition of the nen e tracte 
in\ olved The tracts ire rather complicated, but it is essential 
that they should be understood 

Under normal conditions, with equal illumination — a point 
too frequentfy negfeefed — the pupiisare equaf on ths two sides 
It IS rare to meet with unequal pupils m a normal person , 
such cases do apparently occur, but every possible patholo- 
gical cause must be ehmmated before we admit that the 
condition is an idiosyncrasy 

On the other hand, the size of the pupils varies much in 
different people under the same conditions of illumination, &c 
In oldjpeople it is smaller than in the young, sometimes to 
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Fio S3 —Diagram of the eSereat papdlaiy pathe * Dotted linee, pupillo* 
constrictor * /// nur , nacleoa of third nerve , e 7 , ciLary ganslioa , 
i e , abort ciliary aerres. Solid luiea, pupdlo-dilatator ■ Dil , bvpotbetjca] 
dilatator centre in the mednlls , ex*«p 1 , Bud^’s centrum cUio-spinaie 
inferms , D I, D II, D III, iiret, second, and third dorsal ricrr^ (see 
test); rc , ramus comminticsiia s £(«U<zte 7 , atelHte ganglion , onn. 
annulus of Vieussens ; t C 7 , lofmor cemcal ganglion ; ten. symp , eer- 
Tical sympathetic ; s e 7 . sopenor cervical ganglion , G<i$s 7. Gasserian 
ganglion. VI, VS, V3,first,aecond,and third divisionsoftbeWthnerre, 
F iwml, nasal branch of the ophtbdtttie (first) division of the fifth nerve ; 
Lc , Jong ciliary nerves. 
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•io great au exteat that the pupils are almost “ pm point ” 
Thej are often smaller in hypermetropes, and larger in myopes, 
than in emmetropes, they are said to be smaller in blue eyes 
than m brown The causes of these differences are conjec 
tural, and need not detain us The two facts of prune un- 
portance have been 

mentioned, VIZ .that *■ 

there are two re- f 

0exes, that to light 1 

and that to sensory \ 

stimulation, which 
act m opposite di- 
rections The nor- 
mal size of the pupil , 

may be looked upon 
as essentially the 
resultant of these 
•two forces 

The motor inner- 
ration of the pupil IS 
as follows (Fig 63) 

The sphincter pn- 
piUffi IS innervated 
by the third ctamal 
nerve The pupil 
constrictor fibres 

start m the anterior _ ^ » , , » ^ 

. t .I ii j tw ^ — thacrata oi the anerent ana efferent 
part Of the ttod pIth, fw l.ght etimuk Afferent 

nucleus in the noor patbe from left sides of retinae thick aolid 

of the aqueduct of hnes. afferent paths from nsht sides of 

cj_i ^i, retin*, thick doited lines, efferent paths 

bylnus they pass (jj,n efferent paths 

out of the nud*^ of ngfat eye thin dotted lines. Ir , ins 

brain and run in ifrtetirm II Optienerre o tr , optic tract , 

* 1 ,^ . 1 , CoH Supr, colliculus supenor or antenor 

the mam trunk of corpus qnadngemmcuii , //frif nuc , nucleus 

the third nerve as of third nerve, external geniculate 

far as the orbit. ^7' gaoghoa. sc-n., short 

Here the fibres paM '' 



into the branch which supplies the inferior obhque muscle, 
leaving it by the short root of the ciliary ganglion From the 
ciliary ganghon they pass by theshort cihary nerves to the eye, 
piercing the sclerotic around the optic nerve, being here m 
company with the short mlmiy artenes {vide p II) The 
nerve fibres pass forwards m the choroid and ciliary body to 
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The dilatator pupilla? 13 supphed by thece^\^eal sympathetic 
nerve The dilatator tract probably commences in the mid* 
bram not far from the constrictor tract It passes 
downwards through the medulla oblongata mto the lateral 
columns of the cord The fibres leave the cord by the 
\ entral roots of the first three dorsal and probably the last 
two cervical nerves, enter the rami commumcantes, find nm 
to the first thoracic or stellate gangbon From here the) 
pass by the anterior hmb of the annulus of Vieussens into 
the cerv ical sympathetic In this nerve they run up the neck 
to the superior cervical ganglion, whence they pass with the 
carotid plexus into the skull They run over the anterior 
part of the Gasserian gangbon and pass into the firsf or 
ophthalmic division of the fifth nerve, following the nasal 
branch, which they leave finally to enter the long ciliary 
nerves, thus avoiding the ciliary gangbon The long ciliary 
nerves enter the eye on each side of the optic nerv e, accompany- 
ing the long cihaiy artenes Like them, they run forward? 
between the choroid and sclerotic, enter th'e ciliary body 
and thus reach the ins 

These comphcated paths wiU be seen at a glance m the 
accompanying diagrams (Figs fi3, 54) 

We nave now to consider the nervous mechanism of the 
reflexes The light reflex la canied out entuely through the 
constrictor centre, so we may put the dilatator tract aside for 
the moment The afferent fibres are contained m the optic 
nerve arising from all parts of the retina (Fig 64) It is 
unknown whether they belong to the large or the small fibres 
of the optic nerve It is certain that they undergo partial 

htiP th** fibres, and that 

they enter the optic tracts It is also certaIE~lIiat, unlike the 
vusual fibres, they do not enter the lateral gemcuJaff body, but 
leave the tract to pass by an unknown path to the third nucleus 

The constrictor centre possesses “ tone,” xe , it is per- 
petually sending out implies which keep the pupd slightly 
contracted If hgbt falls upon the retina of one eye its pupil 
contracts — the direct reaction to light , but the pupil of the 
opposite eye also contracts simultaneous !) — the consensual 
reaction to light This consensual reaction «hould always he 
tested, since it gives useful information which cannot be 
obtained from the direct reaction Thus, if there is a block on 
one optic nerv e so that there is no direct reaction to hght, but 
the consensual reaction irom light thrown upon the other eye 
IS unimpaired, we know that fie block, whatever it may be. 
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does not affect the efferent constnctor tract, t e , the trunk of 
the third nerve the branch to the inferior obhque, and the 
short cibary nerves are intact The consensual reaction is 
probably earned out by means of fibres which umte the t'tio 
constrictor centres in the third nucleus 
That the afferent pupil constrictor fibres undergo partial 
decussation in the optic chiasma is proved by Wermche’s 
heirmnopic 'pupil reaction This reaction is pathognomonic 
of disease of one optic tract It will be seen from Fig 54 that 
such a lesion will cut off the afferent impulses from correspond 
mg halves of each retina, % e , from the temporal half of one and 
the nasal half of the other If hght is thrown upon these parts 
of the retina? the pupils do not contract, but if it is thrown on 
the other halves of the retm® the pupils respond 
The sensory reflex is more complicated than the hght reflex, 
for both the dilatator and the constrictor centres ploy a part ic 
Its production under norma! conditions It has been shown 
that Bensory atimulation causes first a rapid dilatation of the 
pupil due to augraentotioa of the dilatator tone through the 
cervical sympathetic, and then a second dilatation, rapid in 
onset but slow in disappearance, due to inhibition of the con 
sknetor tone There are other reflexes and synkineses, e ff , 
emotional, which need not detain us 
Minute examination of the pupil when the intensity of the 
hght entering the eye is altered, shows that the pupil contracts 
and then oscillates rapidly, finally settling down into a condi 
tion of contraction which is shghtly less than the summit of 
the first wave In its sudden response, the pupil as it were 
o\ ersteps the mark, oversteps it again m the opposite direction, 
and so on T wo difie^'^Tit types of p.xn.<rqp.tfltioi? of tliin ni‘rilh 
tion are met WTlh~under abnormal co nditions One is the con 
ditiou ffl Which the oscillations are vel')' large 'ind easily l^eTiT 
and which axe to a large extent independent of the hght falhng 
upon the eye This is called hppns , its origm is obscure, but 
it undoubtedly depends upon the rhythmic activity of the 
neri ous centres, and is not a peripheral phenomenon Blore 
important is the lack of sustained contraction under the con 
tmued influence of light Here the pupil contracts sluggishly 
when tlie intensity of the hght is mcieased, but while the hght 
is still kept constant it slowly dilates, often with superposed 
sluggish oscillations This is a pathological phenomenon 
dependent upon diminished cooduefaMty in the afferent path 
of the hght reflex, t e , usually m the optic nerve {see Retro 
bulbar Neuntis) '* 
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Drugs are so frequently employed in ophlbalmic practice 
for the purpose of dilatuig or constricting the pupils or para 
lysing the accoTomodation that it is important to exactly 

how they act Pupil dilating drugs are called mydnatics , , 
pupil constncting, miotics , ^uga which paralyse the ciliary 
muscle, cycloplegics All dmgs which dilate the pupil also 
paralyse the accommodation in greater or less degree , manj 
attempts have been made to discover a drug which viU effect 
the former purpose without the latter but without success. 
Similarly, all miotics stimulate the cihary muscle to contract, 
so that the eye assumes a condition of partial or complete 
accommodation 

Most of these drugs do not apparently act directly on the 
muscles or on the nerve endings Coustriction of the pupil 
by the third nerve is due to the liberation of acetylcholme 
(Englchardt) Atropine destroys or prevents the formation of 
this substance hence it can onlv be counteracted by sub«tances 
which act directly on the muscle, e y , histamine Zserme acts 
by preventmg the normal rapid destruction of acetylcholine, 
hence the extreme imtabiLtv of the sphincter and cihary 
muscle, and of the eye m bngnt light Hence, eserme cannot 
counteract atropine mydriasis whereas atropine easily 
counteracts eserme miosis 

The strongest mydnatic which we possess is atropine > it 
paralyses the sphincter iridis and ciliary muscle completely, and 
IS sai^ also to stimulate the dilatator iridis It has so potent 
an action that it abolishes the tone of the ciliary muscle Thus 
an emmetropic eye placed folly under the influence of atropine 
becomes hypermetropic to the extent of about 1 D , this must 
be fcikcn into account in correcting errors of refraction 
Atropme solution (eg , 1 per cent ) instilled into the con 
3 uncti\al sac is absorbed through tbe cornea mto the autenor 
chamber, where it acts locally upon tbe intrinsic muscles It 
takes a considerable time to cause complete paralysis, hence 
it IS usual to order it for use at home three tunes a day for at 
least three days The effects do not pass off for about ten 
days One drop of 0 5 per cent atropme sulphate solution 
causes wide dilatation of the pupil in thirty to forty minutes 
and complete paralysis of accommodation in about two hours ^ 
the effects do not pass off cntirdy till from three to sea en days 
Duboisme, hyoseme or scopolamme, and daturme act sumlarly 
to atropme 

Eomalropine acts more quickly than atropme, and the effects 
pass off more quickly Its full effect is obtained by an oily 
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tion {m ol ricJ 2 ii, 1 per cent ) m three quarters of an hour, 
‘cially if combined with cocame (2 per cent ), which acts 
fly by increasing the permeabibty of the cornea The 
;ts pass oS completely in forty eight hours, or much more 
;kly if a drop of eserme (1 per cent ) is instilled The mix- 
! of homatropme and cocaine, which is commonly employed 
estimating refraction, does not jwralyse the intrinsic 
icles so fully as atropme, the tone of the cihazy muscle not 
ig abolished so thoroughly Homatropme probably acts 
n the ms through the sphincter only 
'ocatne, besides its anesthetic effect through the endmgs of 
fifth nerve m the cornea, ins, Lc , also stimulates the sym 
iietic nerve endings in the dilatator mdis It does not para- 
I the sphincter, so that the dilatation of the pupil is orfy 
lerate, and the pupil continues to react to hght even after 
longed apphcation. Cocame is a useful drug in confirming 
diagnosis of paralysis of the sympathetic nerve if this 
i^e IS paralysed cocame fads to dilate the pupil The effect 
5fc due to degeneration of the nerve endings, as I have found 
b cocaine fails to act very soon after section of the 
ipathetio in the neck in animals 

Iserine, or physostigmine, the most powerful miotic we 
seas, acts by stimulatmg the third nerve endmgs m the 
meter and in the cihary muscle It is therefore an anta- 
ist of atropme, but it is unable to overcome the dilatation 
fliiced by 1 per cent atropme On the other hand, eserme 
illy overcomes the djlatation produced by homatropme and 
ame These facts are of very great importance and must be 
jfully borne m mmd Comparably with cocame eserme fails to 
duceconstnction of thepupil after sechon of the third nerve 
Iserme, unlike the common mydnatics, causes some smart 
and injection of the ciliary vessels when instilled into the 
junctival sac What is more unpleasant is the " dragging ” 
sation m the eye which patients complam of when it is 
ing It may be so irritating os to cause vomiting, but this 
y occurs m very sensitive persons or when the drug is pushed 
mg to these symptoms it should not be instilled more fre 
mtly nor m stronger doses than requisite to ensure the 
ired result AOS per cent solution or one considerably 
iker IS often adequate 

Isenne begins to contract the pupd and cause spasm of 
ommodation m about five rmnutes , its maximum effect 
reached m twenty to forty five minutes The effect on 
ommodation lasts oulj an hour or two, that on the pupil 
3 to three days 
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Pilocarpine causes miosjs bj directly stimulating tbe para 
sympathetic apparatus, thus differing m its action from 
esenne The action is less prolonged and may be followed by 
a fatigue reaction — slight mydnisis 

In irritative miosis, due to stimulation of the third nerve, ’ 
light, accommodation, and esenne will cause greater constnc- 
tion, atropine dilatation In pamlytic mio'sis, due to paralysis 
of the sympathetic, light, accommodation, and esenne mil 
cause constriction, atropine httle or no dilatation 

In spastic mvdriasis hght, accommodation and esenne will 
cause constnction In paralvtic mydriasis there is no 
reaction to bght or accomioodation, and esenne acts very 
feebly 

Adrenaline causes dilatation of tbe popil lo cases of acute pan 
creatrtia (Loewi) four drops of 1 in 1000 solution should be 
mstiUed into one conjunctival sac, and the instillation repeated in 
five minutes The dilatation » manifest after half an hour, the 
pupil being often oval (Garrod) 

Sistamine (“ ammo gfaucosao "} produces mosimum miosis by 
acting directly upon the muscle fibres 


VisoAi. Perceptions 

Mlicn light falls upon tbe rehna it acts as a stimulus to a 
'ensory nerve ending As contact of the shin with a foreign 
substance causes the sensation of touch, so stimulation of the 
retma causes visual perceptions The changes which go on 
as the result of a smtable stimulus m an ordinary tactile end 
organ, the physiological impulses m the afferent sensory nerves, 
and the psychological interpretation of these impulses vn the 
brain which we call tactile sensation, are all relatively simple. 
In the visual nervous mechanism they are much more complex 
and highly differentiated 

"We may first very bnefly consider the changes which occur 
in the end organ itself Ijght falhng upon the retina causes 
at least four effects fl) Tbe pigment m the hexagonal cells 
of the retinal epitbclimn migrates from the bodies of the cells 
m athapcQossetwliinb.liftbet.w«iftn.thACQdaan/lcQnea f^\The 
cones become shorter Both these effects are slow , botfap%e 
more response to the nolet end of the spectrum than to the red 
end , both are consensual as well as direct — light on one rebna 
causes the effect on Loth, though the other be kept in dark* 
n ss (3) The nsual purple, a substance which is found onlv 
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m the rod'?, is bleached, so that a sort of photograph or opto 
gram of the luminous object js formed (4) Changes of elec 
tncal potential are set up in the retina 
IVe are more concerned, however, \nth tlie sensations which 
result from stimulation of the ret/na mth light These are 
of three kinds which are called the Light Sense, the Colour 
Sense, and the Sense of Form Each of these may become 
disordered, so we must examine what they really mean 
The Light Sense is the faculty which permits us to perceive 
light not onlv as such, but m its gradations of intensity By 



utilising shadows cast by the retinal blood vessels upon the 
rods and cones it can be proved that the neuro epithehum is 
the actual sentient lajcr of the retina (PurLmje’s experiment) 
It IS m this layer that the clear ira!:^e3 of objects m the outer 
world are focussed The rays stimulate the tods and cones and 
jjive us the sensation of h^ht Hence rays falhng upon the 
opticdisc give nse to no visual sensation and this is therefore 
called the blind spot (Manotte) ^ 

If the light which is falling upon the retina is gradually 
reduced m intensity there comes a point when it is no longer 
perceived this is called the hght minimum It vanes v ery 
greatly accordmg to the amount of hght which has been falhnj. 

' upon the retma before the obserrotion is made We are al 
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aware that if we go from bnght sunshine into a dimly lit room 
we cannot perceive the objects in the room until some time 
has elapsed the eyes have to become “ adapted ” to the 
amount of illumination Hence observations on the li^ht 
minimum are only comparable one with the other when the 
eyes are m the same condition of dark adaptation Since this 
involves keeping light from the eye for at least twenty to tliirtj 
minutes the investigation is tedious, and perhaps this is the 
chief reason why it is much neglected clinically The light 
miniTmim for thc fovca IS considerably higher than for para 
central and peripheral parts of the retina and retinal adaptation 
affects the macula relatively little 

Having ascertained the hght minimum, if the hght is gradu 
ally increased in mtensity there are points at which we can 
clearly distingmsh a difference in the amount of illumination 
We can do this best if we have two illuminated areas of equal 
size to compare, as is done in special instruments for the pur 
pose, called photometers We can then find out how much 
brighter one area must be in order that we may distmguish a 
difference m illumination This is called the light difference 
It 13 found to vary with the amount of illumination— 'the 
greater the amount of lUomination the greater will have to 
be the ifference in order that we may be conscious of any 
difference at all Indeed, hght difference tends to follow a 
well known law which is approximately valid for all sensor} 
impressions (Weber’s Law) 

Neither of these functions of the hght sense is much used m 
ophthalmology There is no doubt that the light minimum is 
increased m diseases which impair the percipient elements, 
VIZ , the rods and cones {see Retmitis pigmentosa) It is said 
that disease of the conductmg elements, the nerve fibre”, 
causes mcrease m the light difference 

The rods are much more sensitive to low lUuimnation than 
the cones, so that in the dusk we see with our rods {scolopic 
wsiort) Nocturnal animals like the bat, have few or no 
cones 

The Form Sense, vv Inch is next m importance, is the facultv 
which enables us to perceive the shape of objects m the outer 
world Here the cones play tie predominant part, and where 
they are most massed together and most highly differentiated, 
VIZ , at the macula, there the form sense is most acute It 
falls off very rapidly towards the penphery, as is shown in 
Fig 65, and it is noticeable that the curve agrees fairly well 
with the dimin ution m the number of cones We are accu»* 
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tomed to speak of acuity in distmguisKmg the shapes of objects 
as acuity of wsion, and wo mean by that the greatest acuity 
which it IS possible to obtain The acuity of vision, therefore, 
applies to central vision, or the vision of objects whose images 
are formed at the fovea and its immediate neighbourhood, 
the macula lutea 

The form sense is not a purely retinal function, but in the per- 
ception of composite forms — such as letters — is largely psycho 
logical A punctate source of light docs not form a punctate 
retinal image, hut a circle of difluaion The size and definition of 
this depends upon the resolving power of the eye, regarded as an 
optica! instrument and vanes with the wave length of the light, 
pupil aperture, etc The purely physiological elements which enter 
into the complex form sense arc (1) the light sense, (2) the sense of 
position, (3) the sense of discrimination The sense of position 
depends upon the bght sense and upon the conditions of contrast 
between the object and its background A physiological process, 
called spatial induction, causes a lowenug of sensibility of the area 
BUtroundiDg a Btimulated area, so that the demarcation between 
the two areas is increased The sense of position is measured by 
the minimum mibih The sense of diocriminalion is the power 
to distinguish two visible objects as separate, and is ineasured by 
the minimum separabile The fiiient sense of cliscnmmaCion of 
any sensory organ is the visual capacity to distinguish an 
irrogularity in the Imo of demarcation between two contours, 
which 18 of the order of a visual angle of 5 seconds of arc — much 
less than the so called minimum viSual angle (v infra) It is the 
basis of the accuracy of physical measurements with the vernier 
Form sense is measured by the mimmum legil/ile or cognosci&ife 

In determmmg the acuity of vision, we utilise the visual 
angle {vtde p 37) We nalurally choose as our basis the 
minimum visual angle, te, the angle which two himinous 
pomts must subtend at the nodal point of the eye in order 
that they may be perceived as separate and distinct Now, in 
order that we may get separate impressions from two points 
cloie togetlier on the retina is necessary that two cones 
shall be stimulated, and that there shall be a cone between 
these two which is not stimulated If we know the diameter 
of a cone we can calculate the mmimum angle which must be 
subtended at the nodal point in order that these requirements 
may be fulfilled This angle, as we have already seen, is equal 
to the angle subtended on the other side of the nodal point by 
the two luminous points Asa matter of fact these 
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agree fairly ^ell with the results of obserTations It might 
be thought that the obser\ation was a very easy one, but 
there are sei eral complications It is found that there is a 
certam amount of spread of the stimulus from one cone to 
snrroimding ones due to the sise of the pupil ‘sphencol and 
chromatic abemtion and irregular astigmatmi of the 
refractive media especially the Jens , it is somewhat diminished 
by difiraction at the edge of the jmpil This causes bright 
objects on a dark background to appear a httle larger than 
thei really are the phenomenon is called irradiatiom It is 
not altogether a disadvantage for it helps us very much m 
seeing actual pomts of intense hght, like the stars millions of 
miles away In chmeal work it would be a disadvantage to 
have an undul} high standard of visual acuity, because neatly 
everybody would be abnormal according to the standard 
It IS found that a minimum vnsual angle of 1 minute (1 ) 
or one sivitieth of a degree givw a very good average, 
and it 13 upon this basis that test types are constructed 
(tidep ni) 

The Colour Sense is that faculty wherebv we ate enabled to 
distinguish difierent colours and different colour tones The 
exact investigation of the colour sense is one of great com 
plesty, for the different colours of the spectrum differ in 
luminosity, so that this disturbmg factor has to be added to 
those dependent upon the pby<iological condition of the retina 
e y , its state of adaptation, and so on 

Appreciation of colours occurs only with lights of moderate or 
high intenMty and some degree of bgbt adaptation of the retina 
[^olcfpic n«on) If a spectrum of low mtensity is viewed with 
the dark adapted eye it appears as a grey band differing in 
bngbtness in different parts Isa^opic vision) The bnghtest part 
isatabout 530 fifx corresponding to the green of th** photopic 
spectrum The bnghtest part of the photopic spectrum is at 
about 580 ;nn near the sodium line in the vellow Scotopic 
vision IS essentially a function of the rods, colour vision of the 
cones (dnpbcity theory) 

If three colours sufficiently far apart in the spectrum are 
chosen all the other colours though not m the same degree 

proportions, and white light can also be formed m the same 
manner Hence normal colour vision is called trichromatic- 
There are reasons for choosing red green and blue for tbe'C 
‘pnmary” colours Jiow, we know that physiological im 
pulses are m some sense a reflex or image of the physical 
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stimuli w hich give Tise to them^ c g , sound \va\ cs cause physio 
logical impulses, nhich are perceived as sound, and so on If, 
therefore, we imagme three slightly different kinds of impulse 
set up by the stimulation of the retina by nd, green and blue 
light respectively, their combinations m suitable proportions 
would enable us to perceive the whole gamut of the spectrum, 
including white light This is the basis of the Young Helm- 
holtz theory of colour vision According to Hering's theory, 
chemical changes in three different types of “ visual substance ” 
situated m the retma cause the scMations of colour (mcludixig 
white and black) The three substances are white black, red 
green, and blue yellon If anabolic or building up changes 
(a<5smulation) are set up in these substances, the sensations oi 
white, red and blue are caused respectively. If Icatabohc or 
breaking down changes (dissimilation) arc set up, black, green 
and yellow result 

Perhaps no subiect affords a belter field for conjectures than 
the theory of colour vision It is sufficient here for us to 
emphasise the importance of the three primary colours, upon 
which stress is laid by the Young Heli^oltz theory, and the 
intimate relations which exist between ted and green, blue and 
yellow, and white and black, which are the foundation of the 
Hering theory It ta necessary to realise so much because the 
colour sense is defective m a fairly large proportion of people 
This congenital abnormality is called colour bhndness (q v ) 
In it the importance of the three primary colours and the 
Ultimate relation of the pairs of colours are forcibly brought out 

The three types of visual perception are not confined to the 
inmute area of central or niacolor vision All are present in 
greater or less degree m more peripheral parts of the retma In 
disease the earliest and most delicate traces of failing function 
are often to he found in the peripheral parts, central vision 
remaining perfectly normal Hence the great importance of 
knowing the normal Imut-s of the light perceptive and the 
colour perceptive areas of the retina 

The/pW of v%$xon is the projection of these percipient areas 
of the retma on the outer worlcf Ifhen we stand’ upon the 
seashore and look at, or “ fix,” a ship on the horizon it forms 
a retinal image at the fovea We are accustomed, then, to 
consider that any object m the outer world which forms the 
image at the fovea is situated somewhere upon the line of 
uston, t e , the line passing through the fovea and the nodal 
pomt of the eye The foveal image is " projected '' outwards 
along this line 'WTnlst still fixing the ship we are conscious of 
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seeing, less cleatly, innntoeiable objects for miles around 
From our knowledge of the refractive mechanism of the eye 
we know that these objects mast form their retinal images 
upon peripheral parts of the retina Regarded from the side 
of the eye the image upon any point of the penpheral part of 
the retina is " projected ” outwards along the Ime joining the 
point with the nodal pomt The field of vision, then is the 
projection outwards of all the points upon the retina which can 
give nse to visual perceptions We will postpone the con^ideni- 
tion of ita properties to a later stage {vtde p 138) 



CHAPTER V 

The Neurology of Vision 

In the preceding diaptCT ttc have considerc 1 the process ot 
vision up to the point at which the retinal receptive elements 
the rods and cones have become stimulated As with other 



otr optic tract pedc cerebral peduncle igb intemaJ geniculate 
bod} ig 6 esfemai gra cnlata body^ pc pufruiac of optic 
tbaUtDUS V 0 medulla oblongata 

sensory nerves stimulation of the end organ causes the deve 
lopment of nervous impulses which travel up the aflerent 
tracts of the central nerv ous system to the brain The com 
patison of the afferent tracts of common sensation with those 
of vision throws so much Ii^fc upon the latter that it is worthy 
of a moment s consideration 
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the processes of a single cell or neurone, which has been called 
the neurone of the first order. The impxilae is taken up in the 
nucleus gracilis or cuneatus by a second cell, and is carried 
along the nucleo thalamic tract or mesial fillet to the opposite 
aptio thalamus ; other fibres, especially those derived from the 
nucleus cuneatus, pass to the superior colliculus or corpus 
^xtadrigeminum. The cells in the nuclei gracilis and cuneatus 



G)reeje 


Tia 59 — >I>>agraia of tbs affsrsat VTSual paiha from tbe rctiaie, Tnib 
tbo con«spondiRg felds of neioa (Alter roB fUoasLon' ) Ci , 
chiasma; pc , pulnoar of optic thalamus; e 76 .external genicafute 
b^y; 8 e 7 , supcnor corpus qoadngemmum. 

are tbe neurones of the second order. A third cell, the neurone 
of the third order, situated in the thalamus or colhculus, carries 
on the impulse to the cortex cerebri. Here the nervous 
impulse is transformed into a psychic impulse, a change which 
is not and probably never can be understood. 

Let us compare with this the visual afferent tracts (Fig. D8). 
The end organ is the neural epithelium of rods and cones. The 
first true conducting nerve cell or neurone of the first order is 
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the bipolar cell of the inner nuclear laj er with its a\on in the 
inner reticular layer This microscopic cell corresponds 
morphologically with a dorsal root ganglion cell md its long/' 
processes stretchmg m some cases from the tip of the toe iA 
the top of the spmal cord The neurones of the second ordfa 
are the ganglion cells m the retina whose processes pass ii( ifc 
the nerve fibre layer and along the optic ner\ e to one of thrc-'t 
terminations most (80 per cent ) end m the lateral or external 





Flo fiO — Dstributiono/ hbrpsof tlie Optici'erw M macular TIT 
npjwr twaporal LT loirer temporal DJ« upper nasal L-N 
lover bsmI UP upper penfiietal L.P lover penphetal A B in 
opUonerre C in tract p m external gemcolate body The 
band porlion of the figure is rcproducedfroin Eugene t\ olS a Anatomy 
of Eye and Orb t Levis London (After Brouwer A Zeeman ) 

gemculate body, others pa«s to the optic thalamus and a few 
go to the superior colliculus At these three siles a new 
cell the neurone of the third order takes up the transmission 
of the impulse travelimg by way of the optic radiations of 
Gratiolet to the cortex of the pccipital lobe which is the 
so-called usual centre 

■Wesee then the morphological identity of the two systems 
m spite of the great anatomical differences which specialisation 
has brought about We may empha’iise again the fact that 
the peripheral optic nerve proper is a bipolar cell m the inner 
nuclear and inner reticular la^iB of the retina while the 
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so c illed ojjtiG uetve is a jiart oi tlie central nervous 
system homologous mth the mwial fillet m the medulla 
and pons 

AVe must noTT investigate more minutely the individual 
parts of the visual system The results which are about to be 
described are derived from three sources — embryology, experi 
ments uponammals, and climcal observation ns controlled bv 
post-mortem findings 

Let us first trace the fibres from the \ anous parts of the 
retina (Tig 59) In general it may be said that the fibres from 
peripheral parts enter the middle of the nerve, while the fibres 
from parts near the nerve enter the penpheral parts of the 
nerve they probably maintam this relative position as far 
back as the chiasma There is, however, one disturbing factor, 
VIZ , the fibres from the macular region This part is specially 
well supplied The fibres pass into the outer part of the nerve, 
Hhere they are spread over an area which is triangular ui 
section, with the apex towards the centre of the nerve (Fig 60) 
These paptUo tnacuUtr fibres soon become more centrally 
situated, so that m, the posterior part of the nerve they ate all 
m the centre Tracing them still farther backwards some 
decussate m the chiasma, while others enter the optic tract of 
the same side They pass to the posterior two thirds of the 
lateral gemculatc bodies (Le Gros Clark) The axons of then 
corresponding neurones of the tiurd order are also widely 
distributed in the optic radiations and end in the bps of the 
calcarine fissure of the occipital lobe, probably along its whole 
length We see then that each macular region la represented 
m each occipital lobe, so that no lesion confined to one occipital 
lobe will aboltsh central vision in either retina 

According to Gordon Holmes and Lister, from observations on 
patients with gunshot wounds of the occipital lobes, tlie maculaj are 
represented at the most posterior part of the Visual cortex, probably 
on the margins and on the lateral surfaces of the occipital poles , 
each macula 13 represented only in the opposite occipital lobe 
(Figs. 63 6i) 

The fibres from peripheral regions of the retina, on the other 
hand, form two distinct groups, corresponding with the tem- 
poral and nasal halves of the retina The limitation is very 
esict, as if a vertical Ime divided the retina into two halves at 
the level of the fovea , since the fovcal fibres have a different 
distribution the Ime makes alittle curve round it so as to avoid 
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it {Fig 59) The fibres from the temporal half of the retina 
enter the cluasma but do not decussate , they pass into the 
optic tract of the same side Thence they run to the lateral 
geniculate body, and a few to the thalamus and superior colli 
cuUis The fibres from the nasal half of the retina enter the 
chiasma, decussate and pass into the optic tract of the opposite 
side having a similar distnbution on the other side Thp direct 
and crossed fibres pa'^a to altematmg laminai in the lateral 



Fig ftl — A diagr&m to repreaent lb« dislnbotioa of the different cor 
tical arena inacoronal section tbiougb tbe left hemisphere one rentj 
metre behind the fossa paneto occijHta) g l,T posterior comu of 
lateral rentncle tcale posterior calcanne sulcus ilim^parslr 
sulcus cimei (sulcus lirnitana superior ares stnats) t Um tnfjtr etr , 
sulcna Imguabs (sulcus iinutans tafenor ares stnatse) Note hov the 
stnpe of Gennan (the thick black line) ends abruptly at the bottom 
of the sulcus cunei and the snlcus luiguaLs (After EUiot Smith ) 

gemculate body (Jlinhowsln, Gros Clarl ) Tbe corre 
spending nKtmtnes oi Idn? iWd order pass b> opVic mdia 
tions to tbe correspondmg occipital looes e see, therefore, 
that a lesion of one occipital lobe or optic tract wall cause bbnd 
nesa of tbe temporal half of the retina on the same side and of 
tbe nasal half of the retina on the opposite side Projecting 
this outwards, such a lesion will cause loss of vision m the 
opposite half of the binocular fidd of vision, a condition which 
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13 known as liemxanopxa (hetoiopia, hemianopsia) We may 
recall the fact that the afferent pupU-constnctor fibres ha\ e a 
similar semi decussation m the chiasina 
The visual fibres m the optic radiations mamtain a posterior 
position m common with the sensory fibres from the rest of the 
body, being thus situated behind the motor fibres m the 



Pia 02 — A (lisgram to illustr«le tha dulnbotion ol the cortwaJ areas 
on the mesial surface of the occipital region of the left hemisphere 
The two arrows ladieato the plane of the section shown in Tig 6l 
The area striata la represented b; dote the area parastnata by 
crosses the area penstnata by cuolea (After Elliot Smith ) 
Compare the above with Gordon Jlolmcas diagrams (Figs 63 6-f] 
arrived at on clinical grounds 

internar capsule 'Xfiey are close to tfie posterior coma ot'tfie 
lateral ventricle, so tl^t th^ are liable to pressure here when 
the ventricle is distended 

The occipital cortex in and about the calcanne fissure differs 
from the cortex elsewhere in the possession of a w hite Ime, the 
hue of Gennari, mtcrpolated m the ^y matter This area, 
which IS the primary visual or visuo sensory area (Figs 61-64), 
is the cortical projection of the cottespondmg halves o£ both 
retmro In this projection thd part above the calcanne fissure 
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represents the upper corresponding quadrants the part below 
the lower corresponding quadrants of both retinee 
It may be mentioned that there are efferent fibres in the 
optic nerves They ore axons of cells m the lateral gem 
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Fig 63 — disgram of the prot>abIe npresestat ou of the d ffeival 
porOoDS of the vt ual fields in tbe calcanne cortex F g 63 9 • 
dvsYi ng of the ices al eurf&ce of ib« left occ p t»l lobe v lb the I pe 
of tbe calcar ne fi sore separated eo that ts iraUs and fioor are ru lie 
The msrV cgs of the Tanoos port ons of tbe Tiaoal cortex vb cb i3 
thus exposed correspond 9ntb those shown on the chart (Fig 64) of 
the right half of the field cd via on (Goidoa Holmes ) 

culate body Their function is unknown but they are probably 
concerned in the movements of the pigment epithelium and 
of tbe cones , possibly also m the chemical changes m the 
Visual purple 
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CHAPTER VI 

External Examination 

Ophthalmic ^tients may be roughly divided into two 
groups those who present manifest objective signs of disease 
and those who presenting no outward and visible signs have 
abnormal subjective symptoms The division is convenient 
both m theory and m practice The second group, in all but 
functional ^ cases Lave latent objective signs which it is 
OUT duty to discover In the first group the manifest signs 
may mask even more senous conditions which it is our duty 
to otuig to light Not infrequently we are confronted with 
obscure cases which demand the most careful systematic 
exammation m order that nothing may be overlooked Though 
it IS not always possible, or even necessary, to go through 
the lengthy routine of an exhaustive systematic exammation 
yet the details of such a routine must be firmly engrafted m 
our minds, ready for instant application, if we wish to avoid 
mistakes in diagnosis 

We shall first desenbe the methods of exammation of the 
parts which can ho observed with the unaided eye, though we 
shall often ensure accuracy by artificinl assistance Next, we 
shall describe the methods which must be employed to examine 
fie deeper parts of the eye fmaffy, we siaW map octt a 
routine of systematic examination 
In the patients who belong to our first group u e shall at once 
be confrontecl mth visible signs of disease We shall not con 
Elder in this place gross signs sneh as marked protrusion or 
proptosia great deviations of the optic axes from the normal 
parallelism, and so on These will be more conveniently in 
\estigatedin their special relations We shall confine ourselves 
to conditions affecting the globe itself 
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The Conjunctira In the normal position of the lids only 
that part of the bulbar conjunctiva which is exposed in the 
palpebral aperture, together with parts of the intermargmal 
stnp along the edges of the lids, is visible In order thorouglily 
to mvestigate the whole conjunctival sac it ts necessary to 
expose the palpebral conjunctiva and the foimces 

The lower fornix is easily exposed by drawing down the 
lower lid while the patient loots towards the ceilmg 

The upper palpebral conjunctiva is exposed by everting the 
upper hd 

Etersion of the upper ltd requires some practice (1) The 
best, and often the easiest, method is as follows Stand facing 
the patient Place the right index finger horizontally along 
the patient’s left upper hd while he loots towards ms feet 
Draw the skm of the hd outwards this causes the inner part 
of the edge of the lid to come forwards, while at the same time 
the pressure of the finger affords a fixed point around which 
the Ud can revolve m a \ ertical direction Insmuate the right 
thumb under the projecting edge of the hd, and roll the ltd 
upwards towards the index finger The nght hd is everted in 
the same manner, usmg the left hand 

This method is very easy when the eyes are prominent, and 
it causes a minimum of discomfort to the patient When the 
eyes are deeply set m the orbit, as ts often the case m old people 
whose orbital mt has become to a great extent absorbed, more 
pressure is needed and a bltle pam is caused In such ca^es 
the followmg method may be adopted , the tyro will generally 
find it easier 

(2) Place a probe or thm pencil horizontally along the skin 
of the upper hd at the level of the upper border of the tarsus 
the patient looking towards his feet Seize the eyelashes 
between the left index and thumb, and draw the hd aw^y 
from the globe, using the probe as a fixed point Kotatc the 
hd m a vertical direction round the probe, which is then 
withdrawn 

In many cases we wish to evert the upper hd when standing 
behmd the patient, who may be lying on a couch In this case 
the following is the best method 

(3) Place the left mdex finger vertically upon the hd while 
the patient is lookmg towards his feet Seize the la'ihes with 
the nght index and thumb, and rotate the hd around the tip 
of the left mdex 

In babies a special arrangemait of the patient facilitates 
thorough examination of the conjunctival sac and eye 
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(4) The surgeon sjts facing a nnrsc, who holds the child on 
her lap The baby's head is placed between the surgeon's 
knees , its body is on the nurse’s lap She holds the child s 
hands against its body, thus keeping them out of the way, and 
at the same tunc steadying the child If, as is often the case, 
there is blepharospasm, eversion df the lids is extremely easy , 
indeed, it becomes troublesome nhen we wish to examine the 
cornea Here the spasm of the otbiculans fixes the lids agamst 
the gloLe, and the slightest attempt to draw the lids apart 
causes both to become everted AVhen this does not occur, 
method (3) must be adopted 

Having e\ erted the upper lid we cm examme the palpebral 
conjunctiva, but wc are still unable to see the upper fomix 
This can usually be effected m adults by the following 
mancBuvre (1) With the lid atiU everted by the first method 
it 13 fixed in that position by the left thumb placed upon its 
margm at about the middle The right thumb or finger is 
placed ui the middle ol the lower lid Pirm, steady pressure is 
then made through the lower lid upon the globe m a direction 
straight baclcwards, ns if to push the globe into the orbit In 
the meantime firm pressure is also exerted backwards umh the 
upper Iid with the left thumb The fornix will generally start 
forwards suddenly, but only if the patient keeps looking well 
down towards his feet all the tune 

This method, though unpleasant, is not painful The 
only other method of explonng the upper formx is more 
effectual, but also pamful The eye should therefore be well 
cocaincd 

(2) The upper lid is everted in the usual manner A retractor 
is then inserted under the everted lid mto the formx The 
margm of the lid being fixed as m (1) the hd is everted a 
second time, so that the formx is fully exposed Sometimes it 
IS necessary to grasp the everted hd with forceps and thus 
ei ert it a second time 

Bythesc manoeuvres the conjunctival sac can be thoroughly 
Specis) atteBtHm BtBsi hs pud ti> ihe kivcoTiia 
Sites for foreign bodies oud manifestations of disease, e g , 
foreign bodies often lodge on the palpebral conjunctiva about 
2mm from the margm at abont the middle of the hd, trachoma 
follicles are most marked in the upper formx , scarring from 
old trachoma 13 most marked m the palpebral conjunctiva, &c. 
Adhesions between palpebril and ocular conjunctiva and 
obliteration of either formx cannot fad to be noticed Inflam 
raatory conditions can be thoroughly examined , accurate 
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diagnosis often depends upon minute m\ estigation Patches 
of granulation tissue TvhicS bleed easily may mark the site of 
embedded foreign bodies, or, if on the palpebral conjunctiva, 
the site of a chalazion 

The ocular conjunctiva can be almost completely exammed 
without e\ ertmg the lids if the eye is moved up and down 
while the lids are kept apart The redness which is observed 
m irritatwe and inflammatoty conditions vanes in its distn 
bution and nature according to tbe cause Here we must 
remember the groups of vessels with which we have to deal 
{ude p 11 , Plate 11 ) Three groups may be distmpi i^cd, 
though most of them are too small to be recognised m health * 




Fio 65— Conjuactifft con Fio 66 — Congestion of the per 

gcstion— engoEgement of foralins branches of the untenoc 

tbo poetenor conjunctivsl aliary nrtenea (After Dilrym 

nrtenes end yeifls (After pie ) The dnshy spots st the 

Guthne ) seats of perforation arc often seen 

»n dark compleaaoned persons 

(I) the proper vessels of the conjunctiva or posterior con- 
junctival vessels , (2) the anterior conjunctival vessels, which 
supply the area adjacent to the hmbus or comeal margin and 
send mmute loops into the edge of the cornea it'self (Fig 6 j) , 
(3) the anterior ciliary vessels, lying in the Bubconjunctival 
or episcleral tissue (Fig 66) In the last group the perforating 
branches of the arteries are seen m health as several compare 
tit ely large tortuous vessels which suddenly cease about 4 or 
5 turn from the corneal mar^ They have \ ery numerous 
small episcleral branches which are invisible m health, but 
when dilated form a pink zone of fine, straight, very 
closely set vessels around the cornea The corresponding 
perforatmg veins are very small, but more numerous than 
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the artenes , their episcleral branches form a closely meshed 
netaorh 

Congestion of the individual groups of vessels affords 
important ei idence as to the seat of the mischief The con 
junctiN al vessels can be distinguished from the anterior ciliary 
by the following pomta (1) they ate a brighter brick red, the 
cilnry vessels being seen through the conjunctiva, nhich 
imparts a purple tmge > (2) if the conjunctiva is moved to and 
fro over the sclerotic by the finger placed on the loner lid, the 
conjunctival vessels also move while the cihary remain sta 
tionarj , (3) the mdividoal vessels and the network they form 
can be seen in the conjunctival system whereas the ciliary 
form for the most part a diffuse reddish violet blush m which 
the separate vessels are indistinguishable , (4) if the blood is 




' la 01 — Ciliary coniresl on— «n 
gwgeinent of episcleral t«ig« of 
the antenor ciliary artenes 
(After Dalrymple) 


Vlu €S — Congeation of the ai 
tenor ciliary Tcins ep scleral 
veoous pleius (After Dal 
rymple ) 


pressed out of the v essela the ciliary fill Up at once on removing 
the pressure, since they anastomtse very freely while the 
conjunctival fill slowly 

In general, congestion of the conjunctival vessels, leaving 
a relatively white zone around the cornea, accompanied by 
mucous or muco purulent secretion, is indicative of conjunc 
tivifis If there is much imtation and so-caffed photophobia 
with some blepharospasm and very watery — lacrymal — secre 
tion wo suspect the presence of o foreign body on the cornea 
or under the hd so that it rubs against the cornea the con 
dition may be due to misplaced lashes (tncbiasis) Phlycte 
nular ophthalmia may prcMiuce a smular picture In such a 
case there is also usually congration of the antenor conjunc 
tival vessels Careful examination shows that the vessels m 
the circumcomeal zone are bnght red, and that the comeal 
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loops are also dilated and visible Anj' imtation of the 
cornea — ulcers, abrasions, Lc — causes this conjunctival con» 
gestion of the circumcomeal zone and comeal vessels Though 
con]uncti\al thej donotmovcTriththemembrane Adefiiute 
leash of dilated vessels confined to the conjunctiva or en- 
croachmg upon the cornea is usually indicative of a foreign 
body on the cornea or phlyctenular d!'iea«e 

Pink circmncomcal congestion is also met with m inflam 
motion of the ins Here the antenor cihary \ essels arc aI«o 
invoh ed 

Citcumcomeal congestion of a peculiar lilac tint, more deeply 
seated and often patchy, is as«ociated with cyclitis and deep 
sclentis This is the condition which is known as ciliary 
congestion par txcelhnce 

^Dusky congestion at the limbus, composed of a fine reticulum 
-the episcleral venous plexus — often pomts to glaucoma, but 
lay accompany other diseases, especially in old people 

These conditions run mto one another very frequently, so 
.hat they then cease to have special diagnostic importance 

Lacrymal Apparatus Conjunctival congestion of one eye 
only, or signs of irritation such as watering should lend us to 
suspect the efficiency of the lacrymal apparatus Smple 
epiphora or flow of tears on to the cheek may be due to blocL- 
mg of one or both puncta or to their malposition, or to blockage 
elsewhere m the canaliculi or nasal duct Displacement of the 
lower punctum may be easily overlooked The puncta are not 
visible normally without slightly evertmg the lids Displace- 
ment IS often very slight, due to slackness of the hd cau'^ing a 
little rollmg out or ectrop ion, especially m old people In 
spasm of the orbicularis the lid may be rolled m too much 
(entropion) , tics may also cause epiphora Sometimes with 
more conjuncti\al inflammation, but often without, there is 
distension and chrome inflammation of the laciymal *!3C In 
all such cases we carefully observe the exact position of the 
puncta, whether they are m apposition to the bulbar conjunc- 
tiva as they should be» and also whether there is any regurgita- 
tion from the lacrymal sac when it is pressed upon The 
lacrymal sac is situated in the lacrymal fossa between the 
inner canthus and the nose the fundus of the sac extends 
slightly aboi e the level of the inner palpebral ligament which 
IS on a Ime with the canthus Pressure inwards and back 
wards m this position will press upon the sac If there ts any 
obstruction to the flow of the contents mto the nose by the 
nasal duct, as is usually the case when the sac is mflamed, 
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the contents will generally r^urgitate into the conjunctival 
sac by nay of the canalicnli, and mil be seen pouring from 
the puncta We note whether the contents are tears, mucus, 
or muco pus 

Without describing special methods of ascertammg if the 
laciymal passages are patent (Chap XXXII ) a simple test 
may be mentioned A drop of fluorescfiza.Bol»tioajfrnlaced in 
th e con jun ctival sac and the^atieniLis told to hlriw his nose 
I Lth^ pa^sn gpR nrp handkerchief will be sTa med with 

thfisolution 

The Sclerotic Inspection of the sclerotic around the 
cornea may reveal raised nodules of episcleritis with their 
localised areas of vascular congestion {vide p 2S0) Deep 
scleritis may be shown by dusky ciliary congestion and opaci 
fication of the deeper layers of the cornea at the periphery 
{sclerosing keratitis, vtde p 252) 

Definite blue coloration of the circumeorneal sclerotic, 
except in young children is pathological It is most frequently 
due to ciliary staphyloma, a giving uay of the sclera owing to 
inherent weakness (injury, scTentia Ac ) or to increased mtra 
ocular pressure (glaucoma) Discoloration may be due to 
pigmentation Slight dusloness around the spots where the 
anterior ciliary vessels perforate is not uncommon in people 
with dark complexions Otherwise pigmentation m this neigh 
bomhood, either in the conjunctiva or sclerotic should be 
regarded with suspicion as indicative of melanotic sarcoma 
Definite nodules of deeply pigmented tissue m the situation 
of the perforating vessels are very significant of sarcoma of the 
ciliary body 

If there la bulgmg of the sclerotic an attempt should be 
made to transilluminate it in the dark room If it is a true 
ectasia (staphyloma) light will pass throughinto the eye The 
light should be concentrated upon the spot by a strong lens 
(tnefe p 87) 

The abrupt ox very gradual curvature of the sclerotic as it 
passes hack from tie cornea may nniicate irgi iypennedfopra 
or myopia respectively 

The Cornea A little expenence will enable us to recognise 
at a glance if the cornea is smaller than usual A small cornea 
with a shallow anterior chamber is very suggestive of giau 
coma 

The cornea should be bright and transparent IV e first 
examine its surface Any loss of substance, such as an 
abrasion may easily be overlooked without special care 
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The condition of irritation and lactymation will often put 
us on the trach, but these features may be so slight as 
to pass unnoticed The following methods should be 
adopted 

(1) Place the patient facii^ the window Stand m front 
and direct the patient to follow the index finger, which is held 
horizontal and moved slowly up and down The finger is then 



Fia 69 — Foc&l or obLque illumlaaiion Th« di&grttia abo\n the 
focus of the light maj' be alteml by slightly shifting the position of 
the concentrating lens 

held vertical and moved from aide to side 'While these 
mancenvres are bemg earned out the image of the wmdow, or 
comeal reflex as it is called, is carefully watched If the sur- 
face of the cornea is normal there will be no distortion of the 
reflex as it passes over it If there is an abrasion the image 
will 'be distorted here, and wiH be less clearly deflied This 
method should always be resorted to first, as it is good practice 
m obsenation and needs no artificial aid, which may not be 
available m some circumstances 
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(2) If the first method gives imcertam results or fails, instil 
a drop of fluorescein solution (2 per cent ) This is best done 
by tPlliDg the patient to look towards bis feet , the conjunc 
tiva above the cornea is then lightly touched with the tip of 
a glass rod which has been dipped in the solution A pad of 
cotton wool IS immediately placed upon the closed lids so as 
to mop up the excess and the tears which tend to flow over 
the face If this detail is not attended to the face becomes 
stained unnecessarily It is a good plan to wasb out the 
excess of fluorescein with a drop of pantocam solution hut it is 
not essential Any spot on the snnace of the cornea which is 
denuded of epithelium will appear green 

A bundle of dilated conjunctival vessels near tbehmbus will 
often point to the site of a foreign body upon the cornea 

Opacities of the cornea may be so famt that they require 
ve^ minute investigation, and the aame is true of the details 
—depth, Ac — of gross opacities We can study them best by 
focal or oblique illummation 

Focal or obtigue tlluminaUon is earned out as foUows (Fig 6D) 
the patient is placed, preferably m the dark room, with a light 
about two feet m front but slightly to one side The light is 
concentrated hpon the cornea by a strong convex lens The 
rays of light are brought to a focus by the lens The cornea or 
other superficial structures can thus be examined under the 
intense ught of the converging rajs The position of the 
minute image of the light formed by the lens can be moved 
over the surface of the cornea by ebght lateral movements of 
the lens without altexmg the position of the light Smnlarly 
the light may be focussed upon the iiis or ciystallme lens by 
moving the lens slightly nearer to the eye A small electric 
torch IS a convement source of illumination 

Having thus brilliantly illuminated the part of the cornea 
which we wish to investigate, we may magnify the spot by 
looking through a very strong convex lens or corneal loupe 
held in the other hand The management of the two lenses 
requires a little practice, dutis eaaiiy mastterea'' A i^w woroh 
of explanation about the corneal loupe will help us to employ 
it to best advantage 

When we magmfy a small object with a strong convex lens 
we place it withm the focal distance of the lens and view it 
through the lens We know that under these conditions the 
lens forms an enlarged image upon the same side as the object, 
but farther away (tide p 30, Rg 21) In order that we may 
sec the image to best advantage we must see as much of it as 
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possible, atid -we must see it under the largest possible visual 
angle The first requisite demands that the observer’s e^e 
shall be as close to the lens as possible The second requisite 
depends upon the relative distances of the object and the eye 
from the lens , m practice these are found by slight move- 
ments of the lens 

In employmg focal illumination, then, first focus the light 
upon the required spot Then place the comeal loupe near 
the spot and look through it Slowly advance the loupe 
towards the cornea until the spot comes into focus Then get 
one’s eye as close to the loupe as possible 

By movmg the light and the loupe slowly o\ er the whole 
surface of the cornea we can thoroughly explore it By 
advancing the convex lens we can lUummate successively the 
back of the cornea, the iris and anterior part of the lens, and 
finally the deeper parts of the lens By simuUaneoufiy 
advancing the position of the loupe towards the cornea vie 
can successively bring these structures into accurate focus 
and examine them under considerable magnification lie 
cannot get beyond the back of the lens with a high power 
loupe, as it works at too short a focal distance Moreover, in 
order to examine the deeper parts of the lens, we must have 
the light almost m trout of the patient, otherwise they will not 
be il ummated 

Vt ith a bmocular loupe a stereoscopic effect is obtamed, and 
the depth of opacities can be determined with ^at accuracy, 
but the degree of magnification is less Special methods of 
examination with the bmocular loupe, Gullstrand’s •'ht 
lamp, contact illummation, Ac , are useful in difficult cases 
(vide p 97) 

Focal illumination without tbe assistance of a loupe or a 
dark room is often of great advantage through the good 
illumination which it affords One soon gets into the 
habit of concentrating the light from the wmdow upon the 
eye with the convex lens with a vaew to improving the optical 
conditions 

The cornea is often affected secondarily to the conjunctiva, 
as m phlyctenular ophthalmia In such conditions the eye is 
most imtable and resistant to examination m bright light 
The slightest attempt to separate the lids is accompanied by 
violent blepharospasm, especially in children Yet it is in 
such cases that it is of the greatest importance to know and 
watch the condition of the cornea For aught v\e know it 
may be ulcerated, and may even be upon tbe pomt of becom- 
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mg perforated Any roiiglmess or even in amount of pressure 
wbjch IS quite justifiable in other cases, may swfSce to caii^e 
the perforation rrhich it shouW be our chief effort to avoid 
In such a case the lids must be separated 
by retractors We may use simple bent wire 
retractors (Tig 70) or Desmarres’ retractors 
(Tig 71) In babies the position rccom 
mended in method (4), p 81, is employed 
older duldren are placed upon a couch 
The retractors are inserted gently into the 
palpebral aperture, first the upper then the 
louver, the curved ends bemg insmuated 
between the hds and the globe Traction 
IS then made upon the retractors not only 
in opposite directions up and down, but also 
away from the globe, so that the bds are 
lifted off the glime at the same tune that 
they are separated In these 
cases the globe tends to roll 
forcibly upwards when light labs 
upon It, which makes it lery 
difBcult to see the cornea even 
with the u**® of retnetors The 
difficulty raaj be overcome by , 
pressmg the end of the lower 
retractor well into the lower 
fornix, which drags the eje 
downwards by pulling on the ocular con 
junctiva 

When we have satisfied our'^elves that there 
18 little or no feat of perforation we may dis 
pense wnth retractors It has been pointed out 
that in children on attempt to separate the lids 
when there is much ble^arospasm is usually 
followed by eversion of both lids the cornea 
still remaining hidden The way to overcome 
this dilEcuity is to place the two thumbs close 
to the edges of the lids and to press gently 
but firmly upon the globe as the hds are drawn 
Fro 11 — apart In this manner they are separated 
Oesmnrr™ becoming eveitcd, but we must be 

tor ^ extreraely careful not to exert undue pressure 
and not to touch the cornea with the thumb nails 
Inmanj discasesoewve'wlsarefomied m thecomea An 


Pro 70 — Bent 
wire 1 1 0 re 
tractor 
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exact knowledge of their position, whether superficial or deep, 
and of thett distribution, whether localised, general, pen 
pheral, above, and bo on, will often settle a disputed point in 
diagnosis 

Superficial vessels (Pig 73) in the cornea are distinguished 



F(Q 7_ — Diagrams uf soperficia] cornea) 7e3.«ela A general vskcu 
lansat on B » single leaah of vessels as in fascicular ulcer (nde 
j 32'') C lacalis^ rascnlansatioD as in tracbomatous paniius 
(iitfep 177) 

from deep (Fig 73) by the following features (1) superficial 
vessels can be traced over the limbus into the conjunctiva 
while deep ones seem to come to an abrupt end at the limbus , 
(2) superficial vessels are bright wd and well defined, while 
deep ones are ill defined, greyish red or cause only a diffuse 
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red blush., (3) superficial \tS8els branch m an arborescent 
fashion, dichotomously, ■while deep ones run more or less 
parallel to each other in a general xadia! direction, and branch 
at very acute angles, liio a besom , (4) superficial vessels may 
raise the epithelium over them so that the surface of the cornea 
IS uneven, while with deep ones the cornea, though hazy, is 
smooth The peculiar course of deep vessels is probably 
determined by the lamellar structure of the substantia 
propia 

Ihe sensibility of the cornea may be tested by touching it 
in various spots with a wisp ol cotton wool twisted to a fine 
pomt and companng the effect with the opposite side Nor 
mally there is a brisk reflex closure of the lids The sensi 
bihty is often dimimshed m corneal affections, but the change 
is of some diagnostic sigmficance m certain cases, e g , herpes 
[vide p 229) 

The Anterior Chamber The anterior 
chamber is shallow m extreme youth 
aud m old age at other penods of life 
it 15 about 2 5 mm deep normally It 
must be Temembered that we estimate 
the depth of the anterior chamber by 
the position of the ins, and that we view 

the IMS through the cornea, which is a 

strongly refracting convex surface. The no 73— Di*gMia oi 
effect of this is to magnify the ins and Oepp comeal \eHscJ3, 

pupil, and to mako it appear farther “ 

5 * ’ , fw, tills (vtae p 23-*) 

forwards than it really is loe same 
applies to anything in the anterior chamber, e g , the point 
of a knife m operations 

Good binocular vision enables os to estimate the depth of 
the antenor chamber when we are looking at it from m front 
The observation should be confirmed by taking a profile 'View 

The anterior chamber is abnormally shallow in glaucoma 
It 18 often abnormally deep m indo-cychtis It is frequently 
unequal in depth in different parts For example, it may be 
deeper at the periphery than m the centre m indo-cychtis , on 
the other hand, when the ins is bowed forwards (ina bombe) 
it IS funnel shaped the centre being deep, the periphery very 
shallow It may be deeper on one side than on the other owing 
to tilting (snbluxation) of the lens 

After considering the depth, attention must be paid to the 
contents In some wounds and ulcers of the cornea, and 
rarely without them, there is pus m the onterjor chamber It 
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foims a laj er at tte bottom, the suiface oi the pus bciug level 
(hypopj on) A similar layer of blood maj occur after coutu 
sions or spontaneously (h}’pba^ina) The aqueous mav be 
hazy, a condition not always easy to distinguish from hazmrss 
of the cornea Such cases lead us to examine very carefully 
the back of the cornea with the loupe under focal illuinmation 
to see if there are any precipitates ( ‘ keratitis punctata ”) 
upon it, or we may see floccnlent specks m the aqueous All 
these conditions are of great diagncstw and prognostic import 
ance 

The Ins W’e pay attention first to the colour of the iris 
and the clearness of its pattern The two indes or parts of 
the same ins may be of different colour, both conditions bpinc 
known as heterochromia tndis A grey iris, with ill-defined 
pattern, suggests atrophy from tychtis, glaucoma, Ac Dark 
brown spots in the ins, not raised al»ve the surface, ate 
common. Cate must be taken to distinguish them from sman 
nodulesofthesame colour orwhite(8arcoroa, tubercle gunuos) 
“ iluddmess of the ms " is the expression used for indistmct 
ness of the pattern, caused by infiammatory exudates K 
muddy ms with small irregular pupil and sluggish reiction to 
light 1 $ mdicative of intis 

The position of the ins must be noted especially the plsae 
m which it lies (tide pp 2G2, 271, 264) Special attention 
should be paid to any adhesions (synechice), antenor— to the 
cornea or postenor — to the lens capsule Tremulousness of 
the ms (mdodonests) is seen when the eyes are mo\ ed rapidly 
if the ms IS not properly supported by the lens, eg ,in absence, 
shrinkage, or dislocation of the lens slackness pf the su^pen 
sory ligament Ac It is best seen in a dark room with oblique 
illumination 

The Pupils A point which should be exammed at an early 
stage m e\ ery routine examination of the eyes is the condition 
of the pupils This is the more important since the routine 
examination frequently demands the use of a mydnatic, and if 
the pupils hnve not pievionsly been noted it may be necessary 
to require the attendance of the patient on another occasion 
when the eSect of the mydnatic has passed oS 

The examination of the pupils requires careful attention to 
details if trustworthy results are to be obtained It is best 
earned out as follows 

Place the patient facing the li^t which should not be too 
bright, see that the two pupils are equally lUummated l»ote 
the size, shape and contour of each pupil Co\ er both eyes 
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util the palms of the hantls, preferably without touching the 
ice Tell the rntient to lool struct at you Hemove one 
land and watch the pupil Replace this hand and temo\e 
he other, watching the other pupil Note down and compare 
he results (direct reaction (o light) Removas one hand bo that 
;his eye is exposed to light (it should be shaded from intense 
ight) "Watch this pupil as the hand is remo\ed from the 
lUier eye Repeat the process whilst watching the other pupil 
[consensual reaction to light) 

Now tell the patient to look quite across the room, as far 
jS as possible Suddenly hold up the index finger vertically, 
it about SIX inches from the patient’s nose, and tell the patient 
io look at it Watch the pupils while he accommodates for 
he finger (reaction to accommi^tum) 

When the reaction to light is feeble and the pupils are already 
small It is difficult to be certain of the results m bright difiuse 
iaylight, the corneal refiexes adding to the difficulty In 
such cises the patient should be taken into the dark room and 
the light concentnted upon one pupil by focal illumination 
By a slight lateral moiement of the convex lens (vide p 87) 
5he focus of light can be moved on or off the pupil, the pupillary 
movements being nutched the while If there is no movement 
under these conaitions n e may conclude that the reaction to 
Ight IS absent 

It IS better not to use the ophthalmoscope mirror m this 
procedure, as the patient is very likely to look at it, and a 
reaction to accommodation may be mistaken for one to light 
Note very carefully if the constnction of the pupil to light is 
well mamtnmed (nde p 395) 

The same method will elicit the hennanopic jntjnl rendton 
(3\ernicke) m the nre cases (lesion of one optic tract) in which 
it is present To test for it, the light is placed m front but 
rather to one side of the patient The light is focussed with 
the lens upon the opposite side of the retina, ind the pupil 
watched The light is then moved to the other side and is 
now focussed on the other side of the retina The best source 
ol lYi animation lor t’uis purpose is ttie ^nS5nse li^at tram u htrge 
window (Fisher) If the reaction is present the pupil will react 
briskly when one half of the retina is illuminated, but very 
slightly or not at all when the other half is illuminated It 
usually reacts slightly even in the latter case, owing to the 
impossibility of preventing diffusion of light on to the sensitive 
half of the retina, and for this reason the testis rarely unequi- 
vocal 
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■\?hen the pupils are small to start with (“ spinal miosis ”), 
do not react to bght, hat react to accommodation, the condi* 
tion 13 known as the Argyll J?o6crtson pvjnl {wde p 59S) It 
occurs especially m para syphilitic ihsease, most commonly 
and m its most characteristic form, m tabes, and frequently in 
general paralysis of the insane , hut it is also found in other 
syphilitic diseases of the caitial nervous system. 

If the above directions are earned out we shall have reliable 
information as to the shape and relative sire of the pupils and 
them reactions A few of the commoner conditions may be 
enumerated here 

Very large pupils wiU suggest that a mydnatic has been 
used It IS not uncommon for it to have been used inadver- 
tently "We not infrequently see a patient with the right pupil 
widely dilated complainmg of dimness of vision. Inquiry will 
often elicit the fact that he has been using a Imiment for 
rheumatism The explanation is that the laumcnt contained 
belladonna, and that after using it with bis right hand be 
rubbed bis right eye with the soiled fingera Often patients 
use ointment or drops prescribed for other patients n e must 
always be on our guard against such traps These pupils are 
usually quite immobile and the patient complains of dimness 
of vision,, especially in near work 

The pupil IS also large and immobile m complete atrophy of 
the optic nerve , this may be due to absolute glaucoma In 
acute glaucoma it is usuallv large, immobile, and oval, with 
the long axis vertical , the condition is generally unilateral If 
only one eye is blind from disease of tbe optic nerve this pupil 
IS rather larger than its fellow as a rule, but the consensual 
reaction to light on the sound eye appears to be much jncieasod, 
granted of course that the tbi^ nerve is intact Dilatation of 
the pupils mth retamed mobility is found sometimes in myopia 
and m conditions of impair^ nerve tone e g , aneemia , it is 
also found in cases of disseminated sclerosis with optic atrophy, 
which rarely if ever leads to complete loss of sight in this dis 
ease Dilatation as a reflex to pamful impressions has already 
been mentioned Unilateral ddatation may result from imta 
tion of the cemcal sympathetic m the presence of glands in 
the neck, pneumonia phthisis, chrome pleurisy, cervical ribs, 
thoracic aneurysm, Ac , but it 13 rare from, euch cause it may 
also be due to syrmgomyeha, acute antenor poljomyehtis and 
memngitio aSecting the low^ cervical and upper dorsal part 
of the spmal cord and to pres«uie on the sympathetic fibres 
leaving the cord in the lower cervical and upper dorsal v entral 
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roots ilany of these causes lead eventually to constnction of 
tlie corresponding pupil from paralysis of the sympathetic 
Temporary dilatation of one pupil is not very uncommon 
I Urulateral dilatation mth immobility may result from a blow 
on the eye (Chap XXI ) 

The pupils are small in babies and m old people When 
the pupils are small as under the influence of bright light, the 
relation to the centre of the come'i can be best seen the 
centre of the pupil is usually a little to the nasal side of the 
centre of the cornea Small pupils are rarely perfectly round 
A small immobile pupil should make us suspect old iritis with 
posterior synechia, and should lead to mvestigation with a 
mydnatic — ^homatropme for diagnostic purposes — to see if the 
pupil dilates regularly Bilateral small immobile pupils make 
us suspect disease of the central nervous system (e g , pontme 
haemorrhage) , further examination raav show that the iromo 
bility IS confined to reaction to light {vtdc p 94) A small 
sluggish pupil, with muddmess of the ms is associated with 
intis, nluch may be primary, or secondary to corneal trouble 

Very small immobile pupils suggest the use of drugs either 
locallr, e.g , eserine, or through tbs general system, e g , 
mornlua 

The chief causes of inequality of the pupils have already 
been mentioned incidentally As indicative of central nervous 
disease it is found lo general paralysis and tabes 

We must note carefully the nature of the contraction when 
the pupil reacts to light and especially if the constriction is 
wlII maintained {vide p *195) 

Direct reaction to lig) t does not elimmate the possibility 
of the patient being blind, eg m ursemia and post basic 
meningitis 

The Lens The lens cannot be thoroughly examined with 
out the assistance of the oph/ibalinoscope By inspection 
aided if necessary by focal illumination we note any opacities 
m the pupillary area The pupil may be blocked with intic 
exudates Jinflammatori .nupiJlarr membrane, blocked ^pujnl) 

Opacities m the lens itself are seen by oblique lUumination 
as grey, white or yellomsh patches According to their dis 
tnhution and nature we diagnose the various forms of cataract, 
but our observations must always be confirmed and controlled 
by ophthalmoscopic examination The following example will 
show how easily one may be led astray "NThen the light is 
concentrated by focal illumination upon the pupil of a 
person’s eye the lens substance seems almost ^ 
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at Kiost vre «ee a faint bluish haze If we esaminc the lens of 
an old pcTson in the same manDet the haze is niich more 
prouonnced , the lena substance in fact looks slightly mi ky 
\Ve might conclude that the patient has cataract Lxnmma 
tion with the ophthalmoscope tnll, however, ';how a perfect!) 
clear red reflex The explanation is that the lens substance 
generally becomes more optically dense, t e , the refractive 
index increases, as the person grows older (tide I 53) Isowtbe 
higher the refractive index of a ^substance the greater will be 
the scattering of light from ita surface The milkiness which 
we see is due to rajs of light which are reflected from the lens 
and enter our eyes The more rays reflected the more will the 
lens appear milky 

If however, the white appearance 13 very pronounced and 
especially if it is strictly localised to certain parts of the lens 
substance, we may safely diagnose cataract A spot m the 
centre of the pupil looking as if it were on the surface of the 
lena, may be a pupillary exudate or an anterior polar cataract 
Tnangular spokes of opacity with their apices towards the 
centre are indicate e of senile cataract A v ery w hite appear 
ance over the whole pupillary area suggests a total cataract , 
if it 13 yellow and the ms is tremulous we suspect a shrunken 
calcareous lens 

The Tension Last in the external examination, but by 
no means of least importance, we test the tension of the walL 
of the globe, which is increased when the intraocular pressure 
13 raised though not necessarily pan passu It is done in the 
same manner as testing for fluctuation m other parts of the 
body 

Stand facing the patient, who is told to keep looking towards 
Ins feet Place the index fingers of both hand‘‘ side by «ide 
and touching each other upon the upper bd, steadymg them 
by the othoT fingers bgbtly applied to the brow Keep one 
fanger quite still, pressing upon the globe through the bd Now 
attempt genriy to mdent the globe with the other finger, 
pressing dircctlj downwards, conoentritmg the attention 
meanwhile on the ^impression which is conveyed to the 
statioimry finger Repeat the process on the other eye 

T.'ne scuheift ■pmutjse ■mamEtrvre tm u imnfoer o1 

healthy eyes He will thus obtam a mental estimate of 
what is to be considered nonnal tension — ^Tn In absolute 
glaucoma the eye is usually stony hard , this condition is 
generally indicated by the convention T -f- 3, a misu'se of 
numbers but one m common use The gradations of in 
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creased tension from Tn to T + 3 ate usually indicated by 
the conventions T full (T +) T 4* 1. T + 2 Similarly the 
gradations of dimmished tension are represented by T minus 
(T_),T-1.T-2,T-3 

Instruments known as tonomefers have been devised for 
measuring the tension of the intact eye They are far less 
reliable than the manometer, which, however, cannot be used 


on the human eye The best 
that invented by Schiotz (Fig 
74} "With it the depth of 
the indentation m the cornea, 
anccsthetised with 1 per cent 
pantocam solution made by a 
weighted stylet is measured by 
a lever which travels over a 
scale There are four weights 
(S r J, jilt? gras- /' tfoif 
the greatest accuracy is at 
tamed with the weight which 
gives a deflection of the lever 
of 2 to 4 mm The instrument 
IS calibrated so that the equiva 
lents of the readings m millt 
metres of mercury can be read 
off a chart The readmgs are 
inaccurate when transformed 
into pressures m millimetres of 
mercury, but the tonometer is 
certamly useful forcomporative 
measurements c g , between 
the two eyes or between sue 
cessive measurements on the 


tonometer for clmical use is 



The Microscopy of Ihe Living 
Eye The invention of the slit v '^Zy ^ 

lamp by GuUstrand has rendered 
possible the examination of the 

anterior parts of the eye under considerable magmfication 
by the binocular microscope The somewhiit complicated 
technique mihtates against its rootim use as a chmcal instru 
ment, but it has already added to our knowledgb of anatomical 
and pathological conditions m the cornea, anterior chamber 
ma lens and vitreous The most unportant residts are ' t 
to elsewhere under the appropriate headings T,g 75 gtgifii 


CIS or jCTb. 
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general view o{ the eye illnmiitated by a beam oi bght of moderate 
width coming from the abt lamp eDtenng the eye from the left 
side Optically homogeneous media appear quite black , struc- 
tures like the cornea, leia, and suspended particles m the aqueous 
scatter the light Hence, on the left of the diagram is seen the 
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illuminated portion of the cornea forming a parallelepiped, the 
brighter area corresponding to the surface, the darker to the 
section of the cornea The black space to the right is the antenoi 
chamber Then follows the “ phantom ” of the lens, in which 
can be distinguished the dim central interval, the Y and A which 
deUmit the foetal nucleus antenorly and posteriorly, aud the 
surfaces of the adult nucleus (nde p 9) Still farther to the 
right IS the faintly stmted vitreous 
Since mmute details, e g particles floating in the aqueous, 
are revealed by the sht lamp, considerable experience in its 
use 13 necessary in estimating their pathological significance 



CHAPTER yjl 

Ophthalmoscopic Examination 

The internal parts of the eye beyond the lens cannot be 
een without the assistance of the ophthalmoscope A little 
onsideration of the optical conditions of the eye will show the 
eason 

Under ordmary circumstances the pupil lools black, and 
0 red reflex, much less a clear image, is obtained from the 
iindus If, as in Fig 76, there is a source of light, L, in front 
f the eye, and the eye is focussed upon it or accommodated 
or \t, the light and a spot upon the return are eon^nsate loci , 
e , the image of the spot of light is a spot on the retina 
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Reversing the direction of the rays, all rays from the illumi 
lated spot of the retina are brought to a focus at the source of 
ight Therefore no rays will enter an observing eye unless it 
s situated actually at the source of light The problem solved 
ly Babbage (1848) and rediscovered by von Helmholtz when 
le mvented the ophthalmoscope (1851) was practically that 
)f makmg the observmg eye at the same time the source of 
llnmmation of the observed fundus 
If the eye is not focussed for the source of light the conditions 
tire different, and some slight luimnosity of the pupil may be 
seen This is one cause of lommosity in the pupils of the 
hypermetropic eyes of young children and most carnivora 
Extreme hypermetropia is also the cause of the so called 
amaurotic cat’s eye, which is due to detachment of the retina, 
glioma of the retina, &c In these cases the retina is pushed 
forwards and the fundus at this spot becomes highly hyper- 
metropic, the reflex from the pupil being often the first 
symptom noticed The same prmciple applies to the reflex 
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from the eye after the lens has been removed by extraction 
of cataract 

In hypermetropia the conjugate focus of the source of hght, 
L, IS a point, I, behind the retma (Fig 77) Hence the emer 
gent rays from the lUanunated area of the fundus are du er- 
gent, as if coming from I Therefore an observmg eye situated 
anywhere within the area I] Ij of the cone of emergent rajs 
wiU catch some of them, and the pupil of the observed eye 
will appear feebly illummated Under these circumstances 
it 13 not necessary for the observing eye to occupy the exact 
position of the source of light, but only a spot m its immediate 
neighbourhood On the same principle, the extremely hyper 
metropic retina m gboma retime, d.c can be seen well by focal 
illumination 

In high myopia the emergent rays are strongly convergent 
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and become divergent after coming to a focus at the remote 
pomt (Fig 80) Beyond this point some of the divergent rays 
may enter an observmg eye suitably situated and the observed 
pupil appears illummated 

The luminosity of albmos’ eyes is due to bgbt entenng the 
eye, not only through the pupd, but also through the ms and 
sclerotic That this is the true explanation is shown by the 
fact that the pupil looks black if it is observed through a small 
hole in an opaque screen A small amount of light passes 
through the sclerotic in the normal eye 

It will help us to understand the pnnciples of the ophthal- 
moscope if we say a few words about its historical develop 
ment The ophthalmoscope was invented by Babbage m 
1848, but its importance was not recognised, and it was re- 
discovered by von Helmholtz in 1851 The onginal ophthal 
moscope of von Helmholtz was merely a plane plate of glass 
(Fig 78) A source of hght was placed beside the observed 
eye and the glass plate obliquely in front of it, so that a portion 
of the light was reflected from the surface of the plate into the 
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eye Oa looking through the transparent plate an observer 
coiild now receive some of the rays from the fnndua into his 
own eye, and thus obtain an image of the illuminated fundus 
Since but a small proportion of the light received upon the 
plate IS reflected at its surface the illumination is feeble 
Nevertheless, the prmciple is worth bcarmg m mind as a ready 
means of getting a view of a fundus m the absence of a more 
satisfactory ophthalmoscope Moreover, an error of refraction 
m the observed eye may he obviated by using the corre- 



Fio 78 — ^Bingram o( von HelmhoUt* ophthalmoscope Oi, observed 
ej« , Oj oMerver e eye , L> soutco of light , I image oi h formed 
by the plane mirror— trnmeUiate source o! bgbt > M £ H, relative 
positions of retina in myopia, emmetropia, and hypermetropia 
respectively, showing the reutive sues of the areas of retina lUu 
muiated in each case 

spending spectacle glass of the patient as the ophthalmoscopic 
mirror 

Von Helmholtz next increased the amount of light reflected 
by superposing three plane plates The back of the glass was 
next converted mto a more powerful mirror by silvermg it, 
leaving a small portion imsilvered or leaving a hole in the 
mirror, through which the observer might look The illu* 
mination was still feeble, since the rays reflected by a plane 
mirror are divergent {vide p 25) Ruete therefore (1852) 
introduced the perforated concave mirror which still holds the 
field The final modification was the addition of a battery of 
small lenses of various strengths, which might be brought into 
position behind the aperture The multitudmous forms of 
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“ refractioa oplithalmoscopes ” are merely various mecbamcal 
contnvances for doing this most convemently * 

There are two chief methods of ophthalmoscopic examina- 
tion, the direct method {v Helmholtz, 1851) and the indirect 
method {Ruete, 1852) The ophthalmoscope is provided with 
two mirrors, one a small one, slightly tilted, for the direct 
method, the other a large one, not tilted, for the indirect 
method Both are concave, the former with a focal distance 
of 30 cm , the latter of 10 cm It is an advantage to have also 
two plane mirrors correspondmg with these , with such a four 
mirror ophthalmoscope the su^eon is fully eqmpped for every 
detail of ophthalmoscopy and retmoscopy 

The importance of system m his methods is so often im 
pressed upon the student that he is bahle to underrate it 
through sheer reiteration It wiU perhaps suffice to say here 
that in usmg the ophthalmoscope he will mevitably come to 
gnef unless he pursues his examination on a well ordered plan 
The order of examination should be as follows 

(1) Preliminary ezammation with the mirror alone at a 
distance of about I metre from the patient , 

(2) Examination with the mirror alone at a distance of 
about 20 cm (readmg distance) from the patient , this is 
sometimes called the distant direct method , 

(3) Examination by the indirect method , 

(4) Exammation by the direct method 

The following facts will impress upon the student the 
reasonableness of this procedure By (1) we obtain knowledge 
of the nature of the refraction of the eye under exammation , 
this will prevent many bttle difficulties when we come to 
closer quarters By (2) we see any gross changes, especially 
opacities in the refractive media , these may be made at once 
evident fay this method, whereas they may be very puzzimg 

* The student is sdnsed to procim a good ophthalmoacope at the outset 
of his clinical work m the medical wards The cheaper forms are not only 
waste of mone^, but are a perpetual eourte of annoyance The modification 
of Cbupers ophthalmoscope generally knowo as Aforton e, is most strongly 
recommended In recent yeara various self Inminous ophthalmoscopes have 
been devised In most of these ball the aperture of the ophthalmoscope is 
used for illuminating the f ondus from a amall electric bulb contamed in the 
instrument the other half being used forobservation The lamp is run o9 
asmad'dryfiat'Cery wfiicfi msydepiacetftaffiefiaQal'aof't'fie opfiffiafinoscope 
In the polariBmgophthalmoscopethelightis plane polarised thnselinunatmg 
the troublesome corneal refieT (ntfa p 109} Self luminous ophthalmo* 
scopes are particularly useful for examining bed ndden patients They 
have the disadvantage that they are seldom suitable for examination 
by the mdirrot method— a method wAicA thoitld never be emitted before 
the direct method 
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if first observed by (3) or (4) In addition, we shall see the 
details of any very hypennefcropio part of the fundus, such as 
a detached retina or glioma of the retina , these also are by 
no means difficult to miss by (3) and (4) By (3) we get a 
general view of the fundus — the laigest possible area under 
moderate magnification , it is exactly comparable to micro 
Bcopic examination with a low power By (4) wo examme 
details under a higher magnification , it is exactly comparable 
to microscopic exammation with a high power 

The student should begin by takmg a patient whose pupils 
have been dilated with atropine e<j a boj of twelve or 
fourteen who has come for the correction of his refraction 
The atropme will have had the additional advantage of having 
paralysed the patient’s accommodation The observer should 
know his own refraction 

The patient is taken into the dark room and seated beside 
the hght The light is placed to the side which is to be 
esammed, but well behind the level of the patient’s face , the 
eye should be as much as possible m darkness The observer 
sits facing the patient, about a metre from him He reflects 
the light from the large ophthalmoscope mirror into the eye 
meanwhile looking tl^uch the eight hole This reqwes a 
little practice, but is quickly mastered ^Vben the hght falls 
on the eye he notices a red reflex from the pupil There ought 
to be no black spots m the pupillary area, but either a uniform 
ted reflex or obscure details of the fundus By tilting the 
mirror to and fro in various directions he con obtam an 
approximate idea of the refraction of the eye (wde p 107) 

The observer now stands up and approaches the patient 
until his eye still with the large mirror, is about 9 inches from 
the eye under observation He con now see the cornea and 
ins clearly, and can confirm any pomts which he has made out 
previously by the external exammation 

He then sits down again at about a metre from the patient 
Still keeping the hght upon the eye with the large mirror, 
with ^ left hand he holds the large convex lens, which he 
wiH find m tie opitlafmoscope case, cfose m iront at tie ayv 
He will be wise not to hold the lens absolutely vertical but 
to tilt it very slightly He will probably see only the magni 
fied ins through the leM He now watches the red reflex 
from the pupil, and slowly withdraws the lens from the eye 
towards himse^ At a certain point he will see an inverted 
image of the fundus quite dearly The indirect method 
requires also some practice bfot the amount required may be 
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much dimmi5bed and much greater accuracy attamed if the 
optical conditions under which the examination is made are 
thoroughly xmderstood These will be explained immediately 

Havmg obtained a good general view of the fundus, the 
observer again approaches the patient He now uses the 
small tilted mirror of the ophthalmoscope The mirror is 
tilted so that it faces towards the light Lookmg through the 
sight hole he first gets the hght upon the eye , this is best 
effected from a short distance away ^Vhen the light is well on 
the pupil and the observer can see the red reflex he approaches 
slowly nearer and nearer, watching that the light does not 
leave the pupil, until his brow is almost or quite touchmg the 
patient’s brow If now both the patient and the observer are 
emmetropic the inexperienced oteerver will probably see the 
details of the fundus only mdistinctly He should then turn 
up with his index finger applied to the milled disc on the 
back of the ophthalmoscope successively stronger concave 
glasses (usually marked with white numerals) He will then 
probably see the fundus quite clearly The image is erect, 

1 e , the opposite of that by the mdirect method Here again 
practice is needed, and a knowledge of the optical conditions 
IS quite essential 

We will now consider the chief features which are to be learnt 
in each stage of the exammation and how they are to be learnt 

I Preliminary Examination with the Mirror at i metre 
We will suppose that the observer is emmetropic or that his 
refraction has been corrected, and that the accommodation of 
the observed eye is at rest or paralysed la exa minin g the 
right eye the patient is told to look at the observer’s right 
little finger which is held up , this is easily done while holdmg 
the ophthalmoscope In examining the left eye the patient 
13 told to look at the observers left ear In this manner the 
optic disc which lies a little to the nasal side of the postenor 
pole of the eye is brought mto the ob erver’s hne of vision 
\Vhen the optic disc is opposite the pupil we shall notice from 
a distance of 1 metre that the red reflex becomes paler or even 
whitish 

If the eye is highly hypermetropic or myopic we shall see 
some details of the fimdus eg a few vessels running across 
the reflex The explanation is easy from what we have already 
learnt 

Consider first the hypennetiopc eye If we think of two 
spots on the retma, say at opposite edges of the disc, the rays 
reflected from these points will form two bundles of divergent 
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rap wten they leave the eye jtist as if they came from the 
corresponding virtual remote points behind the eye (Fig 79) 
The greater the distance from the eye, the greater will be the 
area over which these divergent rays will spread, so that at 
1 metre some of the peripheral rap of each pencil will enter 
the observer s eye By a ehght effort of accommodation the 
observer will be able to bring these divergent rays to a focus 
on his retina so that he will obtam a clear image of each point, 
and necessarily also of the intervcnmg region It is exactly as 
if the eye were taken away and the two pomts were situated 
at the remote pomts Hence the image will be erect 
If the observer now shifts a little to one side the observed 
eye remauung stationary, more rays will enter his eye from 
the neighbourhood of the opposite pomt and less from the 



Fia 70 — Exumm&tioa with the mirror ftt 1 metre 0^ observed e^e 
which is hypemetropic O, obeenrerae^ emmetropic butaccom 
modated foe the dire^eot rsira from 0, 


neighbourhood of the pomt on the same side as that to which 
his movement is directed Although the pomts remain 
stationary more of the fundus on the opposite side and less 
of the fundus on the same side wiU be seen Hence the points 
will seem to move m the same direction as his own movement 
The oleerver mentally regards the very sharp outlme of the 
pupil as a fixed object of companson and as more of the 
fundus on the opposite side comes into view, whilst a cone 
sponding amount on the same side disappears this is mentally 
imferpredeu’ isr ^ Aiw lustfgi? .’ir sssss 

If, therefore, when the light is reflected into the eye at a 
metre distance wo see vessels m the pupillary reflex and if they 
appear to move in the same direction when the head is moved 
slightly to one side we conclude that the eye is hypermetropic 
Consider now the myopic eye (Fig 8 1) Here the emitted 
rays from the two points will be strongly convergent m each 
case, and a real inverted image of the points and intervening 



Fio 81 — Ex&mmation with the mirror at 1 metre 0, olserved e^e 
which 13 emmetropic observer a eje none of the rajra from the 
widely distant points on tbefundoaof 0{ enter If the pomtsare 
close together the rays of the two bundles will be nearly parallel and 
would form a clear image on the retma of 0| if the accommodation of 
Oi were almost completely m abeyance 


fundus on tte same side and cotrespondinglj less on the 
opposite side so that the fundus will appear to hare moved 
m the opposite direction 

If, therefore, when the bght is reflected mto the eye at a 
metre distance we see vessels m the pupillary reflex, and if 
they appear to move in the opposite direction when the head 
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19 moved sliglitly to one side, we conclude that the eye is 
myopic 

What will happen m emmettopia (Fig 81) or low myopia, 
for the effect will be Bimilar ? Here the rays passing out of 
the eye from the two points will be parallel or very slightly 
convergent, and their direction will be that of their axes, 
which IS the continuation of the lines joining the pomts with 
the nodal pomt of the eye As these axes constantly diverge 
from one another, the observer at a distance of 1 metre cannot 
receive portions of both pencils of rays upon his own pupil, 
consequently he cannot obtam a clear image of the whole 
intermediate region between the spote He may get a clear 
image from two spots very close together, hut only if his 
accommodation is almost completely suspended, so that 
neatly parallel rays are brought to a focus upon his retina 
The same reasoning applies to low hypermetropia, for here 
the remote pomt of the eye is so far behmd the retma that the 
rays diverge very little when they leave the eye, so that they 
are almost paraUel 

If, therefore, when the light is reflected into the eye at a 
distance of a metre we see only a red reflex m the pupil, with 
out any details, we conclude that the eye is either emmetropic 
or has only a low degree of ametropia 
A still simpler means of discovermg the condition of the 
refraction is as follows Still thiowmg the light into the eye 
with the large concave mirror we tilt it gently in vanous 
directions We shall see a shadow move across the pupil , 
if the shadow is very dark there is considerable error of refrac 
tion If it moves m the opposite direction to that in which 
we move the (concave) mirror the eye is hypermetropic , if 
m the same direction it is myopic This method is used for 
correcting refraction and we shall consider it in detail later 
(see Retmoscopy) 

II Preliminary Examination with the Mirror at the con- 
venient distance for near vision {zz cm ) At this distance 
the observer will be most suitably situated for distinct unaided 
vision, and he will be able to exomme the superficial parts of 
the eye more accurately If he is presbyopic he will naturally 
have to correct his presbyopia, and he may have to use a 
convex lens if he is strongly hypermetropic If he is very 
myopic he will have to approach closer 
The advantages of a prelimmaiy examination m this manner 
are (1) the recognition of opacities in the refractive media , 
(2) the recognition of a detached retma or other substance not 
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far behind the lens , (3) the confirmation of the results found 
by the external examination 

(1) The diagnosis of opacities tn the refradive media If the 
eye is normal there be a red reflex from the pupil If there 
IS any opaque body m the course of the rays reflected from the 
fundus it will stop these rays and will therefore appear black 
The whole field may be black, as when the lens is entirely 
opaque, or when there is blood m the vitreous In the latter 
case obhque illumination will show the red blood bebmd the 
transparent lens if it is sufficiently far forward m the ^^treous 
the blood looks red m this case because of the hght reflected 
from its surface 

Opacities vary in shape, size, and position We are parti 
cularly concern^ to discover their position, ns this frequently 
gives the key to then: nature 

The first point to determine is whether the opacity is 
movable This is done by telling the patient to move his eye 
m different directions — towards the ceding towards the floor, 
to the nght, to the left — and then to look straight forward 
A floating opacity will then contmue to move after the eye is 
brought to rest It must therefore be either m the aqueous or 
vitreous In the former position it can be seen and diagnosed 
by other methods If it is in the vitreous and is ^eely movable 
we also learn that the vitreous is fluid, which is not its normal 
consistency If the opacity moves only with the eye it may ^ 
in the cornea, lens, or vitreous, which, under these circum- 
stances, will have its usual viscous consistency 

The next pomt is to determme its exact petition This is 
effected m the preUminary exammation with the mirror alone 
by parallactic displacement 

In Fig 82, if 4 13 the centre of rotation of the eye, and if 
there are opacities at 1, 2, 3, 4, 5, then, when the eye is rotated 
a small amount, the opacities, 1, 2 and 3, m front of the centre 
of rotation will move m the direction of rotation, and 6, 
behind the centre, will move in the opposite direction, whde 4, 
at the centre, will not move It is obvious that the amount of 
movement will be greater the farther the opacity is from the 
centre of rotation Now, we have no means of defining the 
centre of rotation by ophthalmoscopic examination, but all 
the movements will be referred to ^e edge of the pupil for 
comparison (vide p 105) If the observer is situated at A, 
all the opacities appear as a single spot m the centre of 
the pupillary reflex If he shifts his position to B, or if the 
eye is rotat^ a corresponding amount m the opposite direc 
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tjon, the opacity 2 will remain in the centre of the pupil, whilst 
1 will appear to move towards one edge of the pupil, and 3, 
4 and 5 towards the opposite edge, 5 being lost entirely behind 
the ins 

Hence we deduce the rule that if the eye is moved slightly 
m a given direction opacities in the pupillary plane will 
appe<ar stationary , those m front of that plane will move in 
the same direction, and those belund will appear to move m 
the opposite direction, the amplitude of apparent movement 
being a rough mdication of their distance from the pupillary 
plane 

There is another guide which we may make use of, viz , 
the comeal reflex This is the image of the mirror formed by 



the cornea "With the ordinary convex mirror it is a virtual 
image {tnde p 26) situated about 4 mm behmd the anterior 
surface, t c , a short distance behmd the antenor surface of 
the lens (behmd 2 m Fig 82) The centre of curvature of 
tbe cornea is situated 8 mm behmd its anterior surface, t e , 
less than 1 mm behind 3 (Fig 82) The comeal reflex will 
always cover this latter spot, the centre of curvature of the 
cornea, no matter what the position of the eye Hence an 
opacity situated here will always be covered by the comeal 
reflex , opacities m front of the centre of curvature move m 
the same sense with regard to the reflex as the eye moves , 
and opacities behind it mo\e m the opposite direction to the 
movement of the eye Therefore, m Fig 82, m the first 
position of the eye, the opaciti» 1, 2, 3, 4, 5, will all appear 
m the centre of the coraem reflex (A.') , m the second position 
they will appear as m B' , so that an opacity at the posterior 
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pole of the lens will scaicely leave the edge of the reflex, 
whereas an antenor polar opacity will move much farther 
from it 

One peculiar apparent opacity is seen by the mirror alone, 
and th^ method affords the surest means of discoi enng the 
defect This is the edge of a dislocated lens, or the notch in 
the edge of the lens m congemtal coloboma of the lens When 
the edge of the lens crosses the pupillary area it is seen as an 
intensely black crescent sharply defined peripherally but 
merging centrally into the cleat red reflex The reasop of tins 
appearance is that the whole of the light reBected from the 
fundus which falls upon the extreme edge of the lens is totally 
reflected withm the lens , none of it leaves the eye, so that 
none can enter the observer’s eye 

We not infrequently meet with i ery fine opacities, especially 
m the vitreous If we use a concave mirror and a bnght hght 
we shall probably fail to see them, the reason bemg that these 
very delicate opacities are partially transparent, so that if the 
hght 13 very bright some passes t^ugh them and contrast is 
reduced Contrast is further reduced by reflection of light 
from their surfaces They are as it were, drowned m light 
In order that we may be sure of not missmg fine opacities the 
best method to adopt is to use a plane mirror llie rays 
reflected from a plane mirror are divergent (ttdep 25), hence 
less light enters the eye If we have no plane mirror available 
the light should be reduced, but this is not so satisfactory We 
may mcrease our chances of seeing the specks if we place a 
convex lens behind the mirror, which will have the effect of 
magmfj^g them (Fig 21) 
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Besides a detached retina we shall also he able to sec 
anything else in a similar position, eg , s. tumour pushing 
the retina forwards, or a tumour of the retina itself (gUoma), 
and 80 on 

None of these will he seen unless they are pushed forwards 
very considerably , hence we must not asseverate the absence 
of a detached retina, ic , if we fail to see it by this method 

(3) Confirmation oj the resulis found by the external examina- 
tion We are able by this method not only to confirm the 
results previously arrived at by external exammation, but also 
to supplement them by important subsidiary information 
Thus we are able to map out the limits of opacities in the lens 
much more accurately, amce they now appear black on a red 
background, and as has already been shown we can determme 
their exact position with much greater precision 

We may have noticed a black spot in the iris in a case with 
tbe Imtoiy of a foreign body having gone into the eye It is 
probable that the foreign body has passed through the ms, 
and that tbe black spot is a hole The examination with the 
mirror often at once settles the question, for if there is a hole 
we shall be able to find eome position in which a red reflex 
can be seen through the hole The absence of a red reflex 
does not prove tbe absence of a hole, for tbe lens may be 
opaque behind the hole 

The following is a somewhat similar example We have 
noticed a black patch at the cihary margm of the iris, convex 
in outlme towards the pupiUa^ margin It may be a mela 
notic sarcoma of the ciliary body growing forwards and imph 
catmg tbe ms or it may be a separation of the ins from its 
cilia^ attachment (indo^alysis) In the latter case it will be 
possible to obtain a reflex through it by the mirror, whereas in 
the former it will be opaque 

We have said that by this method opacities m the refractive 
media appear black Superficial opacities, however, such as 
those m tbe cornea and near the antenor surface of the lens, 
can 6e seen in tfieir natural' col'ours by approaching sfuT nearer 
to the eye Under these conditions more light is reflected 
from the surface of the opacitica and some of it enters the 
observer’s eye It will be objected ngbtly that now we shall 
bo within our near distance and consequently shall not be 
able to see anything clearly This is true, but it can he 
obviated by assistmg our accommodation by puttmg up 
gradually stronger convex glasses bebmd tbe ophthalmoscope 
mirror as we approach the ^o. This has the additional 
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advantage of magnifying the opacity If we approach very 
close to the eye and place a -1- 20 D lens bebmd the mirror we 
shall see the opacities highly magnified This glass will be 
actmg very much hke an ordinary magnifying glass, so we 
shall have to focus it in much the same manner We therefore 
start a little distance from the cornea and watch carefully as 
we get nearer and nearer , there will come a pomt when the 
opacity IS very clearly defined 
Suppose now that under the same conditions, with the 
-f 20 D lens m the position for seeing the cornea we wish to 
examine an opacity near the surface of the lens ifc can be done 
m two ways We may continue to approach still nearer until 
it comes mto focna , or we can use a weaker lens, retaimng our 



Fio 83 —Indirect method, niamiaatioo of the lundns shovuig the 
coune of rap from the source of I ght to the mirror through the leas 
and through the eje eL>o the eree of the &e]d of illaminatioD 


ongmal position The weaker lens is most easily produced by 
movmg up stronger and stronger concave lenses m front of the 
+ 20, until the opacity is accurately focussed This is made 
possible m most ophthalmoscopes by bavmg a -j- 20 D lens 
set m a disc which lies bebmd the sight hole the lens can be 
turned into position when required, and does not interfere with 
the use of the other lenses at the same time The opacity m 
the crystalline lens will, of course, not be quite so highly 
magmfied by the second as by the fet method 
III The Indirect Method The indirect method of exami 
nation with the ophthalmoscope consists essentially in makuig 
the eye, whatever be its refraction, highly myopic by placmg 
a strong convex lens m front of it (Figs 83-85) The 
effect of this will he to form a real inverted image of the 
fundus between the observer and the convex lens, as wiU he 
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easily understood from tKe accompanying diagrams If the 
eye is already myopic the convergent ra^ which come from 
any pomt on its fundus wiH be made still more convergent by 
the fens, and the inverted image which is alwaj^ formed in 
myopia will be brought close to the lens If the eye is emme 
tropic the parallel rays emitted will be made strongly conver 
gent, and where they cross the inverted image will be formed 
If the eye is hypermetropic the raj^ will still be made conver 
gent, for the lens used is so strong that the direigence in 
hypermetropia is never strong enough to prevent it 
It will be seen that with the same lens the mverted inmge 
13 formed at different dis 
tances beyond it according 
to tbe refraction of the eye 
If the lens is kept at a con 
atant distance from the eye, 
eg , its own focal distance 



the emmetropic image wiU^ ^ . .l j t. 

..i Fie — Ijidiwct method Emer 

be formedat^efocal distance thefundca #ho«rtBg 

of the lens beyond it the the iormatioa of the image In the 
myopic will be nearer to fign® the lent w eituated et the 
Ihe U, the t ™— .0 s: 

farther from it (rig 85) eye therefore pM9 through the 

In all cases the image is optical centre of the lens The rays 
magnified, the amount of ’*hichpM9 through the nodal pomt 
o _ ’ _j j of the eye are rendered conTergent 

magmncation depending bytbelena The po nts where these 
Upon the refraction of the two systems of raye cross gire the 
eye the strength of tbe lens, Potion of the image which u seen 
and its distance from the ^ 

eye “With a 4 - 13 D the fundus of an emmetropic eye is 
magmfied about five times 

One of tbe greatest difficulties in usmg the mdirect method 
13 the group of reflexes formed by tbe eye and the surfaces of 
the lens We have seen that the cornea forms a reflex of the 


mirror when it is used alone This reflex, when seen through 
the convex lens, is magmfied, so that it may cover the pupil 
and prevent an^hing behmd being seen But the surface of 
the lens towarda the observer acts like another convex mirror 


and forms another reflex situated behmd the lens Similarly 
the surface of the lens near the patient acts like a concave 
mirror and forms a reflex on the observer’s side of the lens 


These reflexes are very troublesome, but they may be got out 
of the way by a little manceuvnng It has been said that the 
two lens reflexes, which are the most troublesome, are images 



lit 


DISEASES OF THE EYE 


of the mirror formed on opposite sides of the lens If we tilt 
the lens a httle it will be found that these reflexes move m 
opposite directions, and we can look quite comfortably between 
them We must be careful not to tilt the lens more than is 
necessary, because if we look obliquely through a tilted lens 
objects appear distorted in fact we produce one tvpe of 
astigmatism The distort^ image of the disc produced m 
this manner may be attributed to astigmatism in the eye, when 
none is really present 

Another difficulty which the beginner usually expenences 
due to getting too dose to the patient If he understands the 
position of the image which he is lookmg for as deacnbed 
above, he will discover why he can see no sharp image when 


M c H 



Fio So — Indirect Detbod. Poeitioa of the mage acconliag to the 
retnetioa of the eje la this fignte the leu u situated at its ovb 
focal duUnce from the comes, loemmetropia the parade] emergent 
raps therefore cross at the piuopal focus of the lens E In msupia 
the conrergent emergent raps cross nearer to the leu than its principal 
focus tu. atM mbppeRoetropiatbediTergeDlemernotrapscTOss 
farther from the lens ttun its pnanpal focus m , at H 

he IS too close to the patient Most people using the indirect 
method think that they are lookmg at the pupil .Vs a matter 
of fact, wh6n the fundus is seen clearly, they are not accom 
modatmg for the pupil, but for the real image of the fundus, 
which 13 in the air «omewhere between the lens and the observer 
Now we can only see an object clearly witn the unaided eye if 
it is at a con\ement distance away Consequently, if the 
observer gets so close to the patient that he is less than the 
distance of his near pomt from the aenal image he cannot see 
it clearly 

If we hke to do so we can get over this difficulty and still 
jfjnam closer to the yatient In order to do the obser% er 
must help his accommodation by puttmg up a convex lens m 
front of ffis eye If we put upa-}-lDor-f2D behmd the 
ophthalmoscope mirror, we shall not only see the image clearly 
at a shorter range, but we shall also magnify it, an additional 
advantage 
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As regards the position of the convex lens before the patient's 
cffi, there is s considerable range over which we can see the 
fundus quite well, but some positions are better than others 
In practice we find the beat position hy putting the lens close 
to the eye to start with, steadying it by thchttle finger applied 
to the patient’s brow, and gradually bringing it farther awaj 
from the eye until the heat position is obtained 

Theoretically, from the point of view of the maYimum field 
of fundus seen, the best place for the lens is its own focal 
distance from the patient’s pupil But this is the very worst 
place from the point of view of the comeal reflex The latter 
IS situated near the level of the ins (4 mm behind the 
cornea, t*idep 109) If the convex lens is at its focal distance 
from it, the rays from this image will be made parallel by tbe 
lens, t c , the reflex will fill the whole area of the lens, and we 
shall see nothing else Hence the best position for practical 
purposes is either nearer to or farther from the eye than this 
position We shall see later that a convenient distance is 
when the lens is at its focal distance from the anterior focus 
of the eye Here, slight tiltmg of the lens, besides shiftmg 
the lens reflexes out of the wav, will also move the comeal 
reflex and the image of the fundus m opposite directions, and 
so get the comeal reflex out of tbe way 

IVe can tell by the indirect method whether the eye u 
emmetropic or ametropic by observing the effect of shiftmg 
the lens on the size of the image of the fundus We use the 
disc as the best guide, getting it into the field by telling the 
patient to look m appropriate direction, » c , towards the 
raised right little finger when examining the nght eye, towards 
the left ear when exammmg the left 

Place tbe lens close to the eye and graduoUy bring it farther 
away If the image of the disc does not alter in size the eye 
IS emmetropic , if it gets amalier the eye w hypermetropic , 
if it gets larger the eye is myopic 

If we understand why this is so, we shall be able to remember 
what happens in each case Imagine two points, c and h, upon 
the fundus, e g , upon opposite edges of the disc (Fig 86) If 
they are illuminated, one of the many divergent rays enutted by 
each must be parallel to tbe ams These two rays, when they 
pass out of the eye, will cross at the antenor focus of the eye, 
whatever its refraction may be, as long as the error is one of 
undue length or shortness (oxtal ametrojfKi) They will cross at 
the antenor focus because they a« parallel to each other before 
refraction Now, suppose that the convex lens used m the 



116 


DISEASES OF THE EYE 


lodirect method 13 situated at its focal distance from the anterior 
focus of the eye These two rays, after they have crossed, will 
meet the convex lens, and since they come from the focus of the 
lens they will be parallel to each other after refraction As we 
have already seen (p 113), onder such circmnstancea the image 
of the fundus is formed in emmetropia at the focal distance of 
the convex lens (F*) from it (E) in myopia the image will be 
nearer the lens (51), m hypermetropia farther away (H) The 
two rays which we have been considering must represent the 
images of the two points on the fundus Hence the distance 
between them after refraction by the eye and by the lens will 
give the size of the image of the portion of fundus between a and b 
We see therefore that when the lens is at its own focal distance 
from the anterior focus of the eye the magmfication of the image 
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18 the same in emmetropia, m axial myopia, and in axial hyper* 
metropia 

If the lens is nearer the eye than the above distance (Fig 87), 
the rays imder consideration will diverge after refraction by the 
convex lens Hence, if the lens is less than its own focal distance 
from the anterior focus of the eye, the magnification is greatest 
m axial hypermetropia, least in axial myopia, and intermediate 
in emmetropia Conversely, if the lens is farther from the eye, 
the rays under consideration will be convergent after refraction 
by it Hence, if the lens is more than its own focal distance from 
the anterior focus of the eye, the magnification will be greatest 
in axial myopia, least in axial hypermetropia, and intermediate 
m emmetropia 

In curvature ametropia, such as we meet with in astigmatism, 
the results are not quite the same but they are easily deduced 
if we remember that there are now two anterior foci to the eye^ 
one for each meridian There are also two nodal points When 
the lens is at its focal distance from the cornea the magnification 
IS the same in emmetropia and any ametropia of curvature 
In these circumstances the disc appears circular If the lens 
13 nearer the eye the image is elliptical, with its long axis in the 
less refractive meridian, * e , generally horizontal If the lens 




opsTnAzmscopic examination nr 


js farther from the eye the long axis la in the more refractive 
roerifijan, te, generallj' vertical As meDtJoned before, it is 
essential that the lena should be held almost vertical as anv 
mclinatioa makes it itsel! astigmatic If the disc is really oval, 
as in high myopia, the axis of the ellipse tnll of coarse remain 
unaltered 

Atn^roput of index of refraction occurs m old age Aphakia, 
the condition when the lens has been removed, may be considered 
an extreme form of index ametropia Here the position of the 
nodal point remains invariable, and if the convex lens is at its 
focal distance from this point the image is the same size in emme 
tropia and ametropia of index of refraction If the lens is moved 
closer to the eye the image increases in hypermetropia and 
dinuaishes in myopia, while tt remains the same m emmetropia 



Since the image is formed at a considerable distance beyond the 
focus of the lens in the high hypermetropia of aphakia it is con 
venient to use a stronger lens, e y , + 28 6 

Differences of level of two points near each other on the 
fundus are made very evident by parallactic displacement m 
the mdirect method Tims, m Fig 88, if there are two spots, 
a and 6, at different levels in the fundus, eg , on the edge of 
the disc and at the bottom of a glaucoma cup, when the lens 
IS shifted slightly so that its optical centre moves from Oj to 
Oj, the images of a and 6 wiA’ move tioin to and 6^ to dj 
It IS of historical mterest that this displacement was at one 
time wrongly mterpreted, so that a glaucomatous cupping of 
the disc was diagnosed as a swellmg 

IV, The Direct Method Hi the direct method the observer 
approaches as close as possible to the patient's eye {Fig 89) 
If the eye is hypermetropic the emergent rays will be diver 
gent, as if commg from the vutual remote point behmd the 
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eye Owing to the short distance between the eyes a large 
pencil will fall upon the observer’s pupil, and may be brought 
to a focus upon his retina if he makes a suitable effort of 
accommodation If he is presbyopic, or if his accommodation 
IS relaxed, he will only obtam a clear image by placmg a 
convex lens behmd the sight-hole of the mirror (Fig 90, H) 

If the observed eye is emmetropic the emergent rays will 
be parallel, and consequently can omy form a clear image upon 
the observer’s retma if his accommodation is absolutely 
relaxed (Fig 90, E) — unless, indeed, he counteracts the amount 
of his accommodation by a correspondmg concave lens m 
front of his eye {vide p 119) 

If the observed eye is myopic the emitted rays are conver 
gent If the myopia is moderate the real image of the fundus 
at the far pomt of the eye will he behmd the observer’s head, 
t c he will catch the convergent rays before they have come to 
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a focus These convergent rays, cntermg his emmetropic eye, 
are brought to a focus m his vitreous , hence he cannot possibly 
obtam a clear image unless he counteracts the convergence 
by an eqmvalent concave lens behmd the mirror (Fig 90, M) 
If the observed eye is very highly myopic its punctum remo- 
tum will be situated somewhere m the space between the eye 
itself and the observer’s retina, and it may be m such a position 
that it IS impossible to obtam a clear image with any correction 
For example, the remote point may be just behmd the sight- 
hole of the mirror Here it is too close to be accommodated 
for, and no correctmg glass situated at the same position will 
have any effect upon the rays, for they wiU nearly all pass 
through the optical centre of the lens The practical outcome 
of this discussion is to get as close to the eye as possible 
iluch stress is generally laid upon the necessity and the 
difBculty of relaxing one’s accommodation in examination by 
the direct method It is difficult to relax the accommodation 
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entirelv when the eye la apparent^ close to the object looked 
at The observer should try to think that he is looking at a 
very distant object, but even then, as soon as he directs his 
attention to details o£ the picture, he is almost certain to 
accommodate It is best for the beginner not to worry him 
self about this point if he cannot see an emmetropic fundus 
clearly let him put up mums lenses until he does After he 
has acquired facihty m seeing anything at all it will be soon 
enough for him to grapple with tws difficulty 
The image by the direct method la always erect Thus, in 
hypermetropia it is exactly as if the observer were lookmg at 
an actual object situated at the remote point of the eye t e 
some distance behind the eye In myopia the convergmg 

0 / 

0 , 

o 


Fio 89 —Direct taethod BtamifUtioa of the fundus showing the 
course of np from the source of light fo the mirror and through the 
eje alsothe area of the fieldofiHummation Compare with Fig S3 

rays are caught before they cross , they are made suitably 
less convergent by the correcting lens behmd the mirror, so 
that again an erect image is seen In emmetropia the emer 
gent rays are parallel and are, therefore, also caught before 
they cross — at infimty , hence again, an erect image is seen 
The image is always magnified, and it is magnified more 
than by the indirect methc^ In emmetropia the fundus is 
seen magnified about fifteen times In hypermetropia it is 
mMpufied less and ra myopia more than m emmetropia 
The field of ophthalmoscopic vision, by the direct method, 
» e , the area of the fundus which can be seen, vanes with the 
distance of the observer from the eye and with the refraction 
of the eye It increases as the eye is approached — another 
reason for getting as close to the eye as possible It is greatest 
m bypermetropia, least m myopia and intermediate in emme 
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tropia. Thus, we see the largest area, least maguified, in 
hypermetropia, and we see the least area, most magnified, in 
myopia. 

In astigmatism the magnification is greatest in the more 
myopic meridian, and least in the more hypermetropic. In 
the usual form of astigmatism the image of the disc is an 
ellipse with the long axis vertical — the opposite of the usual 
image by the indirect method, with the lens near the eye {vide 


0, Oj 
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Flo. 90 — Direct method. Emer^ot rsjs from the fnndas of the 
flbserred eye, Oj, showing the fonnation of the retinal image on the 
retinft of the obserrer's eye, O, In emmetropia, E, the emergent 
parallel rays are brought to a focqs on the retina of Og if the accom. 
modation of this eye is absolutely at rest. In hypermetropia, H, the 
emergent dirergent rays are brooght to a foens on the retina of 
either by means of accommodaboa or by placing a convex lens in 
front of 0| In myopia, 31. tbeemeigent convergent rays can only be 
brought to a focos on the retina of O, by placing a concave lens in 
front of 0, 

p. 116 ). It 13 obvious that there can be no clear image of the 
whole field by the direct method m astigmatism. Only lines 
‘per'pendicular to the meridian which is corrected are seen clearly. 
Lines m any meridian other than the two principal ones can- 
not be seen clearly by any spherical correcting glass, but only 
by a cylindrical lens or combmation of a spherical and a 
cylindrical. 

From what has been said it is obvious that the correcting 
lens behind the sight-hole of the mirror also represents the 
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spectacle glass 'whicli ■will be required to correct the refraction 
if it IS placed in the same position This, of course is only 
true if the observer is emmetropic, or has his refraction cor 
rected, and if his accommodation is quite at rest Smce it is 
difScult to relax the accommodation completely, this method 
of determining any error of refraction should only be used as 
a rough estimate, unless the observer is an expert 

If there is a difierence m level between two points on the 
fundus, e g , the edge of the disc and the bottom of a glaucoma 
cup, it IS made manifest by the direct method also by paral 
lactic displacement If we focus the edge of the disc and then 
move slightly to one side the edge of the disc will appear to 
move over the bottom of the cup, t e , it moves m the 
opposite direction An object farther forward, therefore, moves 
in the opposite direction to the movement of the observer s 
head 

The difference m level can be accurately measured In the 
example given, the bottom of the disc will be relatively myopic 
to the edge, since it is farther away from the back of the lens 
if the eye is emmetropic and the edge of the disc can be seen 
clearly without the assistance of any correcting Jens we shall 
requite a concave lens to see the vessels at the bottom of the 
cup clearly. It can be proved that t/ ike corrccltng lens ts at 
the anterior focus of the eye a difference of 3 D is eqmvalent 
to 1 mm difference of level We must get as close as possible 
to the eye when measuring differences of level, because only 
then are the conditions of accuracy fulfilled If, with the 
observer s accommodation at rest, he sees the edge of the disc 
clearly with no correctmg lena, but requires — 3 J) to see the 
bottom clearly, be knows that the bottom is 1 mm behind 
the edge He will of course see the bottom clearly with a 
higher concave lens if be counteracts the excess by accom 
modatmg hence he must be careful to choose the lowest 
minus lens 

Similarly projections forwards can be measured Here the 
observer chooses the higb^t convex lens with which he can 
see some well-defined point on the top of the eminence The 
same rule that 3 D is eqmvalent to 1 mm holds good Suppose, 
for example, that he is measunng the swelling of the disc in a 
case of optic neuritis He first fods the highest convex gla's 
with which he can see clearly a retmal vessel a little distance 
away from the disc He then finds the highest convex glass 
with which be can see a vessel or a small hajmorrhage as 
near the top of the swollen disc as he can judge The 
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difference between the two lenses will give the height of the 
swelling 

It will be seen that the difficultj ol relaxing the accomroo 
dation enters into this estimation The student need not, 
however, be dismayed Very fairly accurate results can be 
obtamed without relaxing the accommodation, for if he is 
accommodating the same amount when he measures the top 
of the swellmg that he is when he measures the level of the 
siUToundmg fundus the difference between the two observa- 
tions vill he the same as if he was not accommodating at all. 
He can ensure this fairly well by always choosing the highest 
convex lens , it is safest to choose the lens which just makes 
the object looked at appear a little blurred Of course, the 
eye may he myopic , if for “ convex lens " m the above 
descnption “relatively convex lens *’ be substituted (—ID 
bemg relatively convex to — 4 D) the pnnciple is the same 

An object m the vitreous, e ^ , a large opacity, is m the same 
condition as the fundus of a hypermetropic eye If the eye is 
emmetropic, so that the fundus is visible without any coneet- 
mg lens, the opacity can be exammed either by accommodating 
for it or by putting up convex lenses until it is clearly focussed 
If xt is close behind the lens, accommodation will have to be 
assisted by a convex lens m any case, unless the observer 
withdraws farther from the eye It will be seen, therefore, 
that by puttmg up convex lenses from 0 to -f 20 D we can 
thoroughly explore the emmetropic eye from the fundus to the 
surface of the cornea 

Exammed m this manner the appearance of opacities m the 
vitreous or lens will vary with the amount of bght stopped by 
them, i.e , by their density, and with the amount of bght 
reflected from their surfaces If they are very dense they will 
appear black against the background of the red reflex If they 
are semi transparent they will appear red or whitish accordmg 
to the relative amounts of light transrmtted from the fundus 
and reflected from the surface. A detached retma may there 
fore look red or white, accordmg to its degree of transparence 
If much light is reflected ffom the surface details may he seen 
upon it , otherwise it appears uniformly black. 



CHAPTER VIII 
The Fundus Oculi 

When the fundua la observed by the indirect method it is 
Been to be of a bnght red colour This is dne chiefly to the 
blood circulatmg m the choroid In people of dark complexion 
no choroidal blood vessels are seen on account of the retinal 
pigment epithelium, which, while dense enough to blur any 
details, IS not sufficiently so to prevent the colour of the blood 
mamfeatmg itself 

The Optic Disc The first object to be sought is the optic 
disc or papilla (Plate III , Fig 1) As already mentioned, it is 
done by makmg the patient look slightly towards the nasal 
side The reflex then suddenly changes from bnght red to 
pale red, and if the optical conditions are properly arranged m 
accordance with the directions given m the last chapter the 
disc will be clearly seen 

The disc is pale pink in colour, the tint showing considerable 
variations withm the lunits of normality It is nearly circular 
but seldom perfectly so , it is about 1 5 mm m diameter, but 
of course is seen magged The oval appearance due to 
astigmatism must be borne m mmd (vide p 120) The edges 
are usually quite sharp, but sometimes a bttle irregular ^ot 
uncommonly, especially in old people, there is a narrow white 
nng around the pink disc, the scleral nng , Hus is due to the 
choroid and the pigment epithelium of the retma not extend- 
ing quite up to the margin of the disc so that the sclerotic is 
seen throu^ the retma Sometimes there is a rmg of black 
pigment around the margm of the disc, due to the retmal pig 
mtait epithelium being heaped up here More commonly parts 
nf tie ciTCasaSsTsnc&^vs but- tie/ are. not rnn* 

tinuous These features are of no importance from the patho 
logical point of view 

The disc itself is seldom uniformly pink The central part 
IS usually paler and hiay be quite white, and this lighter area 
may extend nearly to the temporal edge of the disc , it rarely 
extends quite to the edge The temporal side is therefore 
normally paler than the nasal The central vessels emerge 
1«8 
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from the middle of this white area and careful exammation 
with the direct method will show that the area is a funnel 
shaped depression, the ^ysiologiml cup This cup vanes very 
much m different eyes \\Tien it is very deep the central part 
may be seen to be speckled with grey spots , these are the 
meshes of the lamma cnbrosa through which the nerve fibres 
ate passing Sometimes there is scarcely any phpiological 
cup , the disc is then more uniformly pink and tie central 
\ essels may have already divided before they come to the sur 
face The true nature of the physiological cup is best under 
stood by companng the ophthalmoscopic picture with a 
microscopic section \erticaUy through the ner\e head 

The colour of the disc is due to the white fibres of the 
lamma cnbrosa seen through the vasculansed ner^e fibres 
IVhere the nerve fibres are thinnest t e , m the cup, the white 
lamma shmes through bnghtest The grey spots m the 
lamina, when they ate seen are due to the non meduUated 
nerve fibres reflectmg less light than the white connective 
tissue fibres 

The Retinal Vesseb The retmal vessels are denved from 
the central artery and vem which usually divide mto two 
branches at or neat the surface of the disc These branches 
are above and below and form a supenor and an infenor 
trunk (Plate I ) Each trunk usually (Tindes into two one of 
which sweeps up or down towards the temporal side, the other 
sweeping up or down towards the nasal side. These branches 
are called tne supenor and infenor temporal and nasal artenes 
and %eins They di\ude dichotomously into innumerable 
branches 

The artenes are distinguished from the veins m bemg 
lighter red and narrower The veins have a purplish tmt and 
are often more con\oIuted less frequently the artenes are 
tortuous ^Vhat is seen is the blood colunm not the actual 
vessel wall which is transparent Each but especially the 
artenes may have a bngbt silvery streak nummg longitu 
dinally down the centre due to reflection of light from the 
convex cylmdncal surface 

The mode of btanchmg of the \essels is subject to great 
vanation though it is denved &om the fimdamenfaf type 
descnbed The vanations are generally of no practical import- 
ance The primary divisiOD of the supenor and infenor trunks 
usually takes place on ot very near the disc The nasal 
branches run much more radially than the temporal which 
make a very decided sweep to avoid the macula 
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The Macula lutea is situated about 3 mm or 2 disc dia* 
meters (2 p d ) to the temporal side of the edge of the disc, md 
IS a little below the level of thehonzoutal mend an Itis verj 
difficult to see inthout a mydnatic, lor the bnght light on this 
most sensitive spot causes maxima) constriction of the pupil 
the comeal reflex then usually obliterates all view It may 
generally be seen by using very dim lUummation 
The macula vanes m appearance accordmg to illummation, 
refraction, complexion, Lo In general, it is a small circular 
area of a deeper ted than the surrounding fundus, sometimes 
looking almost black There is nearly always a foveal rejlex, 
due to reflection of light from the walls of the foveal depres 
Sion This is moat fiequently seen as 
a silvery ring of light hiding every 
thmg behind it it may be circular 
or oval, accordmg to the incidence of 
the light and the refraction of the eye 
Often there is an intensely bnght spot 
at or close to the fovea, also due to te 
flection The deeper red of the macula 
IS due to the thmaess of the retina, 
so that the specially vascular chono 
capillans of this region is seen more 
cleatiy shadows thrown by the edges 
of the foveal depression may contn 
bute a share to the deepening of the 
colour 

The macular region is supplied by Fio 9i— Acilioretmal 
twigs from the superior and mfeiior artery 

temporal arteries, and by small branches 
coming straight from the disc There are no retinal blood 
vessels actually at the fovea (Fig 5), and none can be seen 
ophthalmoscopically for a little distance around Occasion- 
ally there are small arteries (cilio retinal) denved from the 
ciliary system They start near the edge of the disc, nm 
invards, and then bend sharply outwards towards the macula 
(Fig 91) 

The General Fundus The appearance of the general 
fundus vanes enormously withjn healthy limits It is especi 
ally determmed by the complexion of the patient, which may 
be taken as an index of pigmentation in different parts of the 
body In people who are neither ve^ dark nor very light the 
spaces between the retinal vessels show a umform redness, 
occasionally with a very delicate punctate stippling, e 
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towards the periphery In albinos the choroidal vessels are 
seen clearly, the spaces between them being white, due to the 
sclerotic shining through In partial albinism the macular 
region usually shows a uniform normal redness, the lack of 
pigmentation being manifested peripherally Subjects of this 
condition are generally found to have bad very light hair as 
infants In very dark people the fundus is a darker red, and 
indications of the choroidal vessels are often seen as indefimte 
bnghter red streaks Sometimes the pigment between the 
choroidal vessels is particularly dense, or the pigment is 
deficient m the retinal pigment epithelium, while the choroid 
IS deeply pigmented the choroidal vessels are then seen 
separated by deeply pigmented polygonal areas ((i^oid or 
tes^elated fundus) (Plate III Fig 2) 

There is no difficulty in distinguishmg the choroidal from 
the retinal vessels when both are visible {cf Plate X , Fig 2) 
The former are broader and nbbon like, without any central 
reflex streak they anastomose freely, unlike the retinal 
vessels, wluch do not anastomose at all moreover, in certam 
parts, their anatomical distribution is very characteristic (tide 
P 11) 

AU the details of the fundus will be seen much better by the 
direct method, unless the eye is very myopic, when the magni 
fication is so great and the area seen is so small that it is 
difficult to find any particular spot 

Under normal conditions no pul'^ation can be seen m the 
retinal artenes The retmal veins, however, may often be 
seen to pulsate at or near the edge of the disc, or indeed 
wherever they take a very sharp bend This is usually due to 
transmitted pressure The blood pressure is lowest m the 
veins near the disc, and there is a certam amount of obstruc- 
tion to the flow of blood as the vessels pass through the narrow 
neck at the lamina cnbrosa "With each artenal pulsation the 
mtraocular pressure is suddenly raided slightly, so that the 
pressure on the out‘»ide of the walls of the veins is mereased 
This causes a sudden increased obstruction to the outflow of 
blood from the eye, the wall of the vem becomes slightiv 
compressed, recovering itself duneg the artenal diastole 
Hence pulsation is observed, and it will be seen best where 
the intravenous pressure is least, vnz , nearest the heart, t e , 
at the disc, and where there is any additional obstruction, viz , 
neat the lamina enbro'a and at any sharo bend The v enous 
pulsation can be mcreased or made manifest if absent by slight 
pressure on the globe, winch has the effect of increasing the 
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intraocular pressure This normal venous pulse is seen with 
out the artificial aid of pressure on the globe m 70 to 80 per 
cent of people It will be noticed that it is diastolic , it has 
therefore been called the nqratuc tenons pulse 

Two other forms of venous pulse occur m pathological 
conditions 

The positive venous pulse is prcsystolic, continuing into the 
systoha phase it la due to tncuspid regurgitation, and is per 
nutted by the normal insufficiency or absence of valves m the 
jugular veins The transmitied centripetal tenous pulse is an 
accentuation of the normal tendency of the pulse wave to pro 
gress through the capillaries into the veins, owing to the intra 
ocular tension It is doe to venous congestion, with or without 
increased its a tergo 

Visible arterial pulsation is always pathological The blood 
pressure m the ophthalmic artery is only a few mm Hg 
below that of ^e carotid in animals (vide p 16) Considering 
the difietences of blood supply it would be unwise to apply the 
result directly to man, but there is no doubt that the pressure 
m the central artery is far above the mtiaocular pressure It 
would not be surpnsmg, therefore, if the pulse wave were 
transmitted and could be seen There are two reasons which 
militate against tbs (1) the intraocular pressure damps the 
pulsation, and the mcrease in pressure which accompames 
each pulsation is spread over the whole volume of the contents 
of the globe, and is transmitted to the plastic sclerotic , (2) such 
pulsations as survive this dampmg effect are too slight to be 
observed in such small % easels bv ordmary ophthalmoscopic 
examination 

Two types of arterial pulsation occur pathologically (1) a true 
pulse wave, accompanied by locomotion of the vessels , (2) an 
intermittent flow of blood, or pressure pulse In the latter the 
arteries fill only with the heart bwta, being empty between them 
it IS only visible on the disc, and may be produced in a normal 
eye 6v ert'emaf pressure upon tie gfoie 6y a tfnger appAeu’ to 
the lid This type of pulsation is a pure pressure phenomenon, 
and is caused by any considerable increase of intraocular tension 
with normal or lowered blood pressure, eg , in glaucoma, or by 
any considerable diminution of blood pressure with normal 
intraocular pressure, c y , in syncope, orbital tumours, A,c The 
true arterial pulse occurs in ewes of aortic regurgitation or 
aneurysm, m exophthalmic goitre, &c , it is not confined to the 
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disc It 13 equally a pressure pheuomeiion, but the diCetences 
of pressure are smaller 

Cajnllary pidscUion is seen only m aortic regurgitation as a 
systobc reddemng and diastolic paling of the disc 

The order of examination of the details of the fundus should 
be systematic Applymg the indirect method we obtain a 
general view The patient is instructed to fix the gaze m 
such a direction that the disc is brought into view It will 
occupy about the centre of the field, and a considerable area 
around will be visible Any gross abnormality is detected at 
once The shape and colour of the disc, the arrangement of 
the vessels the colour of the choroidal reflex (its uniformity or 
tesselation), gross abnormalities (white or pigmented spots, 
Ac ), are readily noted The patient is then directed to look 
up to the ceiling, to the right, to the left, and down to the 
ground , m the latter position the upper hd is gently raised by 
a finger of the hand which is holding the large lens, as otherwise 
it will cover the pupillary area In this manner the periphery 
of the fundus is brought into view Even when the central 
parts of the fundus are uniformly tmted the periphery often 
displays traces of the choroidal vessels, associated with greater 
pigmentary stipplmg or a dimmution of pigment Only 
mmute investigation with the direct method can show whether 
this is normal or pathological The characteristic type and 
distribution of the pigmentation of retmitis pigmentosa is best 
demonstrated m this manner 

Havmg thus obtamed a good general idea, the systematic 
examination is repeated by the direct method, paymg special 
attention to pomts which the mdirect method has left uncer- 
tam The details of the disc — ^physiological or pathological 
cuppmg, blumng of the edges or awellmg, abnormalities of 
the edges m the form of crescents and so on — are inspected 
Attention is then turned to the vessels Abnormalities m 
arrangement or distnbution, the presence of cilio retmal 
vessels Ac , are noted The details of the mdmdual vessels — 
their relative size, irregulanty of contour or varicosity, visi 
bility of the walls as shown by the presence of white Imes along 
the edges, abnormalities of the reflex streak, Ac — are m\ esti 
gated The vessels are traced towards the periphery and the 
smaller vessels inspected C3iaDges often occur near the vessels, 
such as small hffimorrhage3,white8pot8of exudate, Ac , these 
are carefully looked for 

Next the macula is exammed this should never be omitted 
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Ifc nay be brought into view by telling the patient to look mfo 
the bght . with unintelligent patients it is best to say nothing, 
but fix the temporal edge of the disc and pass horizontally 
outnards for a distance of about two papilla diameters (a con- 
venient imit in ophthalmoscopic topography), when the 
tnacnla will be found If the patient is not under a mydnatic 
or the pupil movements are not abolished by disease (optic 
utroph} , &c ) the light should be lowered so that the constnc 
tion of the pupil may be reduced to a mmimum The comeal 
reflex is alivaya troublesome, but has to be dodged Any 
abnormality at or near the macula is of the utmost import- 
ance Black or white spots are often very difficult to distm- 
guish from shadows or reflexes if either can be made out by 
any means {e g > the use of a concave lens) to have a definite 
sharp contour, and if they do not seem to shift in the slightest 
degree when a minute movement is made with the mirror, it 
may be concluded that they are pathological entities 
hmally, the periphery of the fundus is investigated It is 
important to loiow how far out we can see by the direct 
method Witlt modern ophthalmoscopes and fiul dilatation 
of the pupil it IS possible to see almost to the ora serrata, 
especially i£ the sclera is slightly indented w ith a squint hook 
The periphery, even m an emmetropic eye, is usually best seen 
with a low com ex lens, owing to the obliquity of the ana of 
the rays as they pass through the crystalluie lens 
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CHAPTER IX 

Functional Examination 

I^ the second great group {vide p 79) of ophthalmic patients 
there are no manifest objective signs of disease, and we are 
dependent at the outset upon the subjective sjmptoms of 
wmch the patient complains In these cases, after a rapid, 
but careful, external examination to eliminate any objective 
sign which may have escaped observation, it is usually most 
convenient to proceed at once to the functional or subjective 
exammation Whether this produces evidence of abnoimabty 
or not, It IS imperative to proceed then to the systematic 
internal exammation with the ophthalmoscope 

On the other band, m the first group of ophthalmic patients, 
in spite of external signs of disease which may sufEce to account 
for the symptoms, it is the surgeon’s duty to eliminate as far 
as possible all other evidence of abnormality Ophthalmo* 
scoptc examination may be impossible at the first nsit, and 
subjective functional testing may be so vitiated by the obvious 
disease as to afford no useful information In such ca^es 
functional and mternal examination should be postponed 
until a future visit, but m no case should it be entirely omitted 
It should be borne in mind that, rightly or wrongly, the surgeon 
IS liable to be held responsible for tbe discovery of nn^ disorder 
of the eye which manifests itscU at or about the time of his 
examination 

The functional examination of the eye proper consists m 
testmg the acmty of the forms of visual perception which 
hav e been already mentioned, viz , the light sense, the colour 
sense, and the sense of form They are usually tested in the 
reverse order Each eye must be tested separately through 
out In the prebmmaw examination it is sufficient to test 
first tbe acuity of central vision for distant and for near pomts, 
then roughly the field of vision, end finally the reactions of the 
pupils, afterwards proceeding forthwith to the ophthalmoscopic 
examination It may then be necessary to revise the rough 
test of the field of vision by mapping it out with greater 
precision, to supplement the tests with white light by those 
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with coloured objects, both in the central and peripheral parts 
of the field and to estimate, 
more or less accurately, the 
hght mmimum and the light 
dSference In the routmc 
exammation it is well to teat 
roughly the condition of the 
extrinsic muscles before pro 
ceeding to the ophthalmoscopic 
examination (Section V ) 

The Acuity of Vision The 
acuity of distant central vision 
IS now almost m\ anably tested 
by means of Snellen’s Test 
Types (Fig 92) These are 
constructed upon the funda 
mental principle that the aver * ** 

age minimum visual angle is pfiK Mim HST 

1 mmute BH [TrJ 

The types consist of a senes 
of letters diminishing m size 
The breadth of the lines of 

wbch the letters ate com m Ffl VI ffSl 

posed IS such that the edges 33?) Bftu )MkM 

subtend an angle of 1 mmute 
at the nodal point of the eye a » 

Each letter is of such a shape 
that it can be placed m a 
square, the sides of which are 
. five times the breadth of the 
constituent Imes (Fig 92) 

Hence the whole letter will 
subtend an angle of 0 mmutes 
at the nodal pomt of the eye 
(Fig 91) 

In order that these condi lio 


S (B ID !B 


Q 23 Q E! S B 


S E B R D D E 


—Snellen a Distant Teat 
The linea from 


tions may be fulfilled it „ 
obvious that such a letter to 
he used as a test a long dis 
tance from the eye must be 
larger, and the constituent 
lines must be broader than in 
the case of a letter to be used nearer the eye In Snellen’s 
the largest letter will subtend 5 mmutes at the nodal 


atCOmetres 30 metres 24metres 
18 metres 12 metres 0 metres and 
G metres respectively i e , at these 
distances the letters snbtend a 
visual angle of 5 
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pomt if it 13 60 metres from the eye Those m the second 
Ime will subtend 5 minutes if they are 36 metres from the eye , 
those of the consecutive lines 24 metres, 18 metres, 12 metres, 
9 metres, md 6 metres Sometimes smaller letters correspond 
ing to 5 metres 4 metres, 3 6 metres are used 
A person with average acmty of vision ought therefore to 
be able to read the top letter at 60 metres, the second line nt 
36 metres, the third at 24 metres, and so on Now, it would 
he very xnconvement to have to alter the distance between 
the patient and the letters to this laige evtent A numcricv! 
convention which gives a fair comparative estimate of the 
value of difieient acmties of vision has therefore been adopted 
The patient is kept at a fixed distance from the types Tbi'i 
distance should never be less than 6 metres, or prefenhlv 
6 metres At anch a distance the divergence of the rays in 
the small bundle which enters the pnpil is so slight that it 
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can be neglected the rays being considered parallel If the 
^listance were 3 metres, for example, an appreciable amoyn* 
of accommodation would have to be exerted by an emmetropn 
eye in order to bring the rays to a focus upon the retina 
hence the estimate of distant vusion would be fallacious 
A normal patient 6 metres from the types ought to be nbl< 
to read every letter from the top to the end of the 6 met« 
Ime , many people can read more in a good light Suppose 
the patient can only read the 18 metre Ime His distani 
vision IS obviously defective The numerical conventior 
which is used to record this is a fraction in which the numeratoi 
13 the distance at which he is from the types, and the denomma 
tor 13 the distance at which a person with normal vision onghi 
to be able to read the last line which he succeeds m reading 
The patient- under consicietation wifrttierelote have his distant 

vision recorded thus normal patient’s visioi 

willbet =7 
0 
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These fractions give an mdication that the normal patient’s 
vision IS unity, whilst the other patient’s is one third as good. 
The fraction should not bo reduced m this manner, because 
it 13 only on accxurate numencal estimate under special con 
ditions It should be used merely as a convention, ]ust as 
numbers are used to indicate variations in tension If the 
fraction is reduced much valuable information is lost In its 
onginal form it indicates the actual types used and the actual 
distance away from the types , it therefore ehmmates doubt 
as to the accuracy of the application of the test 

The amount of illumination on the test card has a consider 
able influence on normal visual acuity It has been found 
that the acuity rises rapidly as the illumination is increased 
from zero up to 2 — 3 ft candles above 2 — 3 ft candles the 
rise 13 slight The illumination of the test card should never 
be allowed to fall below 6 ft candles, and jt would be 
advantageous if the standard Ulununation recommended by 
the Council of British Ophthalmologists were universally 
adopted 

If the patient cannot read the largest letter he is told to 
walk slowly towards the types At a certain distance he may 
be able to see the top letter He should then bo moved back 
R little, since he may not have understood exactly where to 
look In this maimer the farthest pomt at which he can dis> 
tmguish tho top letter is determined If this is 3 metres, 
the vision is recorded thus — V = 3/60 Perhaps he is unable 
to see the top letter even close to it In that case he is asked 
to count the extended fingers of the surgeon’s hand, held up 
at about 1 metre against a dark background the distance 
IS varied to obtam about the maximum This is recorded 
^ thus — V = fingers at 1 metre If he cannot count fingers he 
13 told to look at the light, either artificial or the window , 
the surgeon’s hand is then moved between the eye and the 
light If he can distinguish the movements of the hand it is 
recorded as V = hand movements If he is unable to distin- 
guish hand movements he is taken mto the dark room and 
tde ligfit IS aiVemafeiy switcfierf on and' otfi or iigiit is concen- 
trated on lus eye with a convex lens or with the ophthalmo 
scope mirror, and he is asked to say when the light is on the 
eye and when it is off If he succe^ in domg this, V = p 1 
(perception of light) If he fails to see the light at all the 
vision IS recorded as V = no p 1 

It does not follow that a patient who reads 6/6 is emme 
tropic he cannot be myopic unless he is screwing up his 
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eyes, and in any case he cannot be very myopic He may, 
hov’ever, be hypermetropic, for by an effort of accommodation 
he can bnng the practically parallel rays emitted by the 
letters to a focus on his retma We wish, then, to find out 
if he is accommodatrng It is done by finding out the highest 
convex lens, placed before bis eye m a testing spectacle frame, 
with which he can still read 6/6 

Directly a convex lens is placed before the eye m a patient 
who has good accommodative power it tends to make objects 
look blurred Hence it is best to start with a convex lens 
which will quite defimtely blur the types and then gradually 
counteract it by placing concave lenses of increasmg strength 
in contact with it A 4- 4 D lens is pnt m front of the eye. 
Probably the patient now reads only a few Imes With the 
-j- 4 D still m position a — 0 5 D is put m front of it , the 
patient perhaps reads another line The — 0 5 D is replaced 
by a — 1 D , he atill fails to read 6/6 The — ^ 1 D is replaced 
by — 1 5 D , we will suppose that he now reads 6/6 This 
proves that he has average normal vision with a + 2 6 D lens 
With the assistance, therefore, o! a 2 6 D convex lens he can 
relax his accommodation the corresponding amount It by 
no means follows that this represents the total amount of ^ 
hypermetropia As has already been pointed out (nrfs p 52), 
the younger the person the greater the capacity to accommo- 
date Young people, therefore, have great facility m accom 
modatmg If they are hypermetropic this fund has been 
drawn upon for a long penod, so that a condition of partial 
contraction of the ciliary muscle becomes normal to them 
Sometimes even there is excessive contraction of the muscle, 
so that they become artificially myopic, a condition which is 
called " spasm of accommodation *' , it is probably diagnosed 
more often than it occurs 

The younger the patient, therefore, the easier it will he for 
to accommodate and the more diScnlt to relax his accom- 
modation completely That part which he can relax when 
convex lenses ate used as described above is called his manifest 
hypermetropia (Hm ) The part which he is unable to relav, 
which can only be determmed by paralysmg the ciliary muscle, 
IS called his latent kypermdropta (HI ) The sum of the mam 

fest and latent hypermetropia is called the total hypermetropia 
In extreme youth nearly all the hypermetropia is latent the 
lens is so resilient that it is impossible to pre\ ent it respondmg 
to the slightest stimulus Aa the lens becomes less plastic 
more and more of the hypermetropia becomes manifest, until, 
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finally, when accommodation disappears entirely, all the 
hjrpermetropia is manifest The older the patient, therefore, 
the nearer the mamfest hypermetropia represents the total 
amount 

The vision of the patient m the abov e example is usuallj 

recorded thus V = f , Hm +25 
6 

With intelligent patients who do their best to read as many 
letters as possible without continual encouragement from the 
surgeon the mamfest hypermetropia is obtained unth less 
trouble by simply puttmg up convex lenses of gradually 
mcreasmg strength until the last line which can be read 
becomes blurred 

An older patient than the one considered m the previous 
example will very likely read more with a convex class than 
iMthout it Thus a patient of fifty five may perhaps read 
only C/13, while with a + 2 D he reads 6/6 This man has 
a ma^eat hypermetropia of 2 D Smce he is fifty five years 
of age he has only 1 D of accommodation left [vide p 6il} 
■N^ea he reads with the unaided eye he uses up this 1 D in 
getting as far as6/12 , he is unable to accommodate any more, 
so the lower letters ate too blurted to read He may manace 
to read 6/6 with the assistance of a + 1 D, smce this, with the 
remnant of hia accommodation, will fully correct his hypet- 
metropia On seekmg the highest convex glass we find he 
can read 6/6 as well or better with + 2 I> This, therefore, 
represents his manifest hypermetropia Such a case is 

recorded thus ^ ^ ^ “ 6 

> Apart from counteractmg a convex lens as desenbed above 
the student should not use concave lenses m testing the 
distant vision, unless the patient is under a mydnatic An 
emmetrope, or even a hypermetrope, if neither is presbyopic, 
will read 6/6 quite well with weak concave lenses in front of 
the eye , he simply accommodates the amount which is 
requisite to counteract the lens Hence, unless the patient js 
imdcr the influence of a mydnatic, we learn nothing from the 
procedure , it is therefore redundant 

Having tested the distant vision and determmedtheamount, 
if any, of the mamfest hypermetropia, the neat vision should 
nest be tested For this purpose test types for near iision 
are used (Fig 94) Snellen’s are constructed on exactly the 
same principle as the distant ones and are therefore theore- 
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eyes, and in any case he cannot be very myopic He may, 
howev er, be hypermetropic, for by an effort of accommodation 
he can brmg the practically parallel rays emitted by the 
letters to a focus on hia retina We \nsh, then, to find ont 
if he 13 accommodatmg It is done by finding out the highest 
convex lens, placed before his eye m a testing spectacle frame, 
with which he can still read 6/6 

Directly a convex lens is placed before the eye m a patient 
who has good accommodative power it tends to make objects 
look blurred Hence it is best to start with a com ex lens 
which will quite defimtely blur the types, and then graduallj 
counteract it by placmg concave lenses of mcreasmg strength 
m contact with it A + 4 D lens is put m front of the eye. 
Probably the patient now reads only a few Imes With the 
+ 4 D still m position a — 0 6 D is put in front of it , the 
patient perhaps reads another line The — 0 5 D is replaced 
by a — ID, he still fails to read 6/6 The — 1 D is replaced 
by — 1 5 D , we will suppose that he now reads 6/6 This 
proves that he has average normal vision with a -f- 2 6 D lens 
With the assistance, therefore, of a 2 5 D convex lens he can 
relax his accommodation the corresponding amount It b^ 
no means follows that this represents the total amount of lus 
h^ermetropia As bos already been pomted out (tide p 52), 
the younger the person the greater the capacity to accommo- 
date Young people, therefore, have great facility m accom 
modatmg If they ace hypermetropic this fund has been 
drawn upon for a long pen^, so that a condition of partial 
contraction of the ciliary muscle becomes normal to them 
Sometimes even there is excessive contraction of the muscle, 
so that they become artificially myopic, a condition which is 
called “ spasm of accommodation ” , it is probably diagnosed 
more often than it occurs 

The younger the patient, therefore, the easier it will be for 
him to accommodate, and the more difficult to relax his accom- 
modation completely That part which he can relax when 
coni ex lenses are u«ed as desenbed above is called his mamfest 
hypemieiropia (Hm ) The part which he is unable to refav, 
wkch can only be determined by paralysmg the cihary muscle, 
13 called his latent kypemtetropux (HI ) The sum of the mam 
fest and latent hypermetropia is called the total hypermelrojna 
In extreme youth nearly all the hypermetropia is latent the 
lens 15 60 resilient that it is impossible to prevent it tespondmg 
to the slightest stimulus As the lens becomes less plastic 
more and more of the hypermetropia becomes manifest, until, 
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finally, when accommodation disappears entirely, all the 
hypermetropia is manifest The older the patient, therefore, 
the nearer the manifest hypermetropia represents the total 
amount 

The vision of the patient m the above example is usuall} 

recorded thus V = f , Hm -1-2 5 
o 

ith mtelhgent patients who do their best to read as man^ 
letters as possible without contmual encouragement from the 
surgeon, the manifest h^ermetropia is obtained with less 
trouble by simply puttmg up convex lenses of gradually 
increasing strength until the last line which can be read 
becomes blurred 

An older patient than the one considered m the previons 
example will very likely read mote with a convex glass than 
without it Thus a patient of fifty five may perhaps read 
only 6/12, while with a 4 - 2 D he reads 6/6 This man has 
a roamfesfc hypermetropia of 2 1> Since he is fifty five years 
of age he has onlj 1 D of accommodation left (vide p 54) 
^^en he reads with the unaided eye he uses up this 1 D in 
getting as far as C/12 , he is unable to accommodate any more, 
80 the lower letters are too blurted to read He may manage 
to read 6/6 with the assistance of a -f 1 D, smce this, with the 
remnant of his accommodation, will fully conect his hyper- 
metropia On seekmg the highest convex glass we find he 
can read 6/6 as well or better with -j- 2 D This, therefore, 
represents his manifest hypermetropia Such a case js 

recorded thus V = Hm + 2 = ^ 

Apart from counteracting a convex lens as described above 
the student should not use concave lenses m testing the 
distant vision, unless the patient is under a mydriatic An 
emmetrope or even a hypermetrope, if neither is presbyopic 
will read 6/6 qmte well with weak concave lenses m front of 
the eye , he simply accommodates the amount which is 
re^vnavtc be ccwatcrack the Hence, unlese the patient \a 
under the influence of a mydnatic, we leam nothing from the 
procedure , it is therefore redundant 

Having tested the distant vision and determined the amount, 
if any, of the manifest hypermetropia, the near vision should 
next be tested For this purpose test types for near vision 
are used (Fig 94) Snellen’s are constructed on exactly the 
bame prmciple as the distant ones and ire therefore t 
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tically more accurate The legibility of small tj’pes has been 
found empmcally to be mcreas^ by slight modifications m the 
breadths and forms of the letters (wde p 6S5) Ordinary types 
m common use arc therefore more legible than Snellen’s tj’pes 
of corresponding size Jaegei’s near test types which arc verj 
frequently used, are simply the ordmaiy pnnter’s founU of 
type, from the smallest upwards (nonpareil, minion, Xc ) 
They are sufficiently accurate for practical purposes 
The patient is told to hold the test card The position 
where he holds it of his own accord will often impart useful 
information If he is old and holds it a long distance an ay, 
he is most likely to be an emmetropic or hypermetropic pres 
byope If be holds it closer than the ordmary reading distance 
and reads the smallest type fluently, he is probably myopic, 
whatever his age may be, though cl^dren often get into the 
habit of holdmg books unnecessanly close 
Take first the example of an emmetrope We find that he 
reads 6/6, that he has no mamfest hypennetropn and that 
he reads Jaeger 1, holding it of hts own accord at ordmarj 
readmg distance (22 cm or 9') This is recorded— V a® 6/6 
no Hm , J 1 If no distance is stated m reconlmg the near 
vision it IS understood to be the normal distance 
Take now a patient who reads only 6/GO, has no manifest 
hypetmettopia, but reads Jaeger 1 fluentlv, only, however, 
when the card is held closer than normal to the eye In 
this case the distance at which the card is held should be 
guessed or measured Let us suppose that it is about 5 inches 
This IS recorded — V = 6/60 no Hm , J 1 at 6' 

Take now a patient of fifty five who reads G/6, and has no 
manifest hypermetropia giie him the near types, and 

he holds the card a long distance off, but e\en so cannot read 
Jaeger 1 In this case it is waste of time to disco\ er exacth 
which, type he can read, and to measure the diitance at whicli 
he can read it We know that as he is fifty five he has only 
1 D of accommodation remainmg («rfe p 54) What we wi«ii 
to know IS whether he can read Jaeger 1 at ordinary reading 
distance if we correct his presbyopic defect We therefore at 
once put up a -j- 3 D lens before the eye tell him to hold the 
tjjpes closer, and ask him if he can read the smallest He will 
probably do so easily This is recorded — V == 6/G, no Hm , 
c-f-3 = J 1 

Finally, take a patient of fifty who reads 6/12, but with 
4- 2 D reads 6/6 He will hold the near types a long distance 
away as in the last example if we investigate the question he 
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J 1 (Sn. 05) 50 cm 

J. 2 (Sn. 0 6 ) 60 cm 

Kt« thIU nei ind t*ep«nt« U no kad dsTk ««tk Caow M ui hsrtll tbcn.*— ~I>i*a«b>a«gVil 

backnom^ntx 'eilaJ M«u ii^ln Ibattkld t( >U<x<l m • Urpln and hcK Uli' pulling 

«ut ■ kun Il« /rao hi* breait htn tktfi* » era* ot t tm $preUe]ef, wHb $nier tiai irnl 

J 4 (Sn 0 S) 80 cm 

mother eriefl the hoy why »Qftt you lietca to mson* Ihed ttiem a dea3 
hiryaiD ur I iboutd oot have hrooght them. The ailver time atone veil! aell for 
double the money — A fl{r (or the direr rima ctfedmyrife teapaMioa Idsrc 

J. 6 (Sn 1) 1 m. 

the nms /or tboy nro not iporth ojxpeDce , /or I perceira Ibej are 
only copper tarnished oror ’ — *• What * * cried my wife, ' not 
«iIvorl lha nms not silver r —‘’No, ’ cried I, no more siher 

J. 8 (8n 1 25) L26 m 

With copper rims und shagreen cases? A murrain take 
such trumpery I T!io btockhcad has been imposed upon, 
and should have Unown Ins company better ‘"Ibere, 

5 10 (So 1.5) 15 m. 

the idiot I ” returned she, ** to bring me such stuff 
if 1 had them I ^\ould tluow them in tho fire”— 
*‘Thcic again you are in-ong, my dear,” rned I, 

J 18 <80 1 75} 2 75 m 

By this time the unfoitunate Moses was 
undeceived He now saw that he had 

J. 14 < 8 n 225) 225 in 

asked the circumstances of his 
deception. He sold the horse, it 

Fi<3 M — Test Trees roa Nfiia Ijyiov 
Jaeger Test Types, with approximate Snellen equivalents and the 
most romoto distances at wfareb each should be read with average 
normal suioo 

Will not be able to read nearly as well e\ en a long distance away 
as the last patient He has only 2 D o! his accommodation 




138 


DISEASES OF THE EYE 


remaining, but he also has 2 D of hypennetropia ^Ve cannot 
therefore expect him to read Jaeger 1 at ordinary reading 
distance unless we not only correct his presbyopia but also 
his hypermetropia We therefore at once put up a -h 4 D, 
and md that he reads Jaeger 1 at ordinary distance quite 
well This is recorded — ^V = 6/12 Hm -f 2 = 6/6, C4-4 
= 1.1 

The ordinary rule of presbyopic loss of accommodation, , 

1 D for each five years after forty, is a hberal allowance, and 
we often find that patients are mote comfortable with less 
(vide p 54) The lower correction should be ordered and only 
in very exceptional cases should more be ordered 
An mdication of the range of accommodation is given by the 
knowledge of the manifest hypermetropia, comhmed with the 
abihty to read the small types at ordinary reading distance 
Stnctly, the accommodation should be mote carefully tested 
m each case, but this is often neglected 
The method adopted to find the near pomt of the eye has 
already been mentioned (tide p 50) For practical purposes 
it is sufficient to use the smallest Jaeger or Snellen near tvpe 
and approach it nearer and nearer to the eye until it can so 
longer be read The last pomt at which it can be read gives 
the near point The distance of the near pomt from the eye 
13 then measured with a tape This distance is transformed, 
if necessary, mto mfllimetres (25 mm = 1 mch), and the 
range of accommodation is deduced from the formula A«= 
P — R(ndep 61) Of course, the full range of accommodation 

m a hypermetrope cannot be accurately arrived at unless the 
total hypermetropia is known , tbs may require the use of 
a mydriatic Practically, however, we are chiefly concerned 
m discovering paralysis or paresis of accommodation such as 
may occur after diphtheria or previous use of a mydnatje In 
these cases the knowledge of the distance of the near pomt is 
sufficient 

The next step — one wbch is far too often neglected — is m 
every case to test the puptZr«rc/JOKS and record them Ifthe 
visual tests hav e shown deficiency it may be necessary to use 
a mydnatic, m wbch case it will be impossible to test the pupil 
reactions at a later sta^e of the same visit hence the import 
ance of recordmg them at once 
We should also test the field of vision roughly 
The Field of Vision — There are ■several methods of testing 
the field of vision 

(1) A rough, but very useful, method, the so called con 
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frontation test, ■wliicli should be applied m every case, at any 
rate if there is the slightest su^icion of defect, is as follows . — 

The surgeon stands facing the yatient at a distance of 
about 2 feet The patient covers his left eye with the palm 
of his hand Ho is told to look straight into the surgeon’s left 
eye The surgeon closes hjs right eye He then moves his 
hand in from the periphery towards the common Ime of 
vision of the patient s right and his own left eye, keepmg his 
hand m the j^ano half way between the patient and himself 
Directly he secs it himself the patient ought to say that he 
also secs it The movements of the hand are repeated in 
various parts of the field — above, below, to the right, to the 
left, and so on 

This method is extremely simple, rapidly applied, and an 
excellent test It will fae seen that the surgeon tests the range 
of the patient’s field by that of his own, which may be con- 
sidered normal , moreover, he is contmually watching the 
patient’s eye, so that he can at once observe any deflection 
from the pomt of fixation 

The gross defects m the field which are most likely to escape 
recogmtion are homonymous and bitemporal hemianopia, the 
latter usually due to acromegaly or tumour of the pituitary 
body (Chap XIX) They may be roughly tested for by 
telling the patient to look straight at the surgeon, situated as 
before, bow eyes being open The surgeon holds up both 
hands, one in each temporal field, and the patient is told to 
touch the surgeon’s hand If he asks “iVhich one ^ ” he 
lias not bitemporal hemianopia, since he sees both hands. 
If he promptly points to one hand he should be asked if he 
sees the other , if he does not, he probably has homonymous 
hemianopia 

If any defect is indicated by these methods or is suspected 
from other features of the case it must be accurately mapped 
out and recorded with the penraeter 

(2) Tlie Penmeicr — The perimeter consists essentially of an 
arc, marked on the back in degrees of a circle, capable of bemg 
te\olved round a pivot which the patient fixes with the eye 
under examination (Fig 95) The chart, which has concentric 
cuxles marked upon it, corresponding with the degrees on 
the arc, is under the surgeon’s control at the back of the 
perimeter In self registeru^ perimeters, which are almost 
invariably used, the readmgs are recorded by perforations 
with a sharp pomt 

The details of taking a penmetne chart can only be taught 
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by actual demonstration. It will suffice to emphasise here 
the chief procedures to be followed m order that accuracy 
may be attamed 

Tbe patient is seated with, his back to the light His chin 



Fio 95 — Lialcr penmeter and ecotometer 


rests upon the chm rest , the face is vertical and not tilted 
to one side , one eye is covered The other eye, situated at 
the centre of the arc, fixes the white dot around which the arc 
revolves 

The field should first be tak^ with a white object 10 mm 
in diameter At least eight mendiaus must be investigated, 
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preferably sixteen If the field is very small a 5 mm square 
should be substituted, and the process repeated In each 
mendtan the object should be earned quite up to the faation 
point, as there may be areas inside the limits of the field which 
are blind [ahsolale sctAotmla) These should be mapped out 
with the same accuracy as the extreme limits of the field If 
the scotomata are small the limits may be determined with an 
intelligent patient best with a lery small object, cp , 2 mm 
square The size of the test object and the distance from the 
perimeter may be conventently recorded by a convention 
similar to the mode of recording visual acuity, e g , 10/300, 
both distances bemg expressed m millimetres (A H H Sm- 
clair) I\hth small objects relaltte $cotomaia can be found 
which are not demonstrable with large objects 

Ha^ mg mapped out the field for white the process should 
be repeated with similar, but coloured, objects The limit of 
the field for a colour is the point at which, passmg from the 
renphery to the centre the colour first becomes evident 
rcnpheral to this limit the object may still be perceptible but 
appears grey The exact limit is di^cult to determine, for 
most colours change in hue and saturation as the object passes 
from the fixation point towards the periphery Red or green 
should be used first, then blue or yellow Under ordinary cir 
cumstances, the blue field is largest, slightly smaller than the 
white then follow the yellow, red and ^een m the order 
named (Fig 96). There is a particular purplish red and a 
particular bluish green (490 m/*) which hai e the same field , 
and similarly a particular blue (460 ji;*) and a particular 
yellow (570 /x/i) These pairs of colours are complementary, 
t e , a mixture of the red and the green, or of the blue and the 
yellow, produces white 

The extent of the normal field, with a 10 mm square, under 
good illummation, is ebown in the accompanying chart 
(Tig 96) The pecuhar shape is essentially due to the shape 
of the sensitive area of the retina as projected outwards, hut 
IS often modified when the field is taken in the ordmary manner 
by interference caused by the nose and the brows , this com 
plication can be eliminated if, when the field of the right eye 
is bemg taken, the head is turned somewhat to the left, and 
vice UTsd It IS seen that the field for white extends upwards 
45°, outwards rather mote than 90°, downwards 70°, and m- 
wards 60° The size vanes with the illumination, the size of 
the test object, the contrast of the test object with the back- 
ground, and the state of adaptation of the eye The field for 
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blue and yelJow is roughly 10* less m each direction, that for 
red and green another 10“ less The limits of the colour fields 
vary not only vnth the mtensify of the light, but also with the 
saturation of the colour, and above all with the size of the 
ob]ect If these ate sufficiently great, colours may be recognised 
almost, if not quite, at the periphery 
Even the ordinary penmetnc observation is a relatnely 
rough test and purely subjective Every student should have 



Fio so — ^Penmeler ctiart ol right ej* (LandoU) T, temporal aide, 
N, nasal nde W, for white object B for bias B for red, Q, for 
green 


hts own field taken he will then appreciate the difficulties 
which patients experience The normal physiological response 
to an object m the peripheral field la to turn the eyes towards 
it In charting the field of vision this normal response has to 
be suppressed, fixation bemg rigidly maiutaiaed while attention 
IS directed to an object at the penphery Hence the first fields 
taken must always be regarded with suspicion, and particularly 
so m the case of dull or neurotic patients The most variable 
factor is the illumination and eufficieut attention is not usually 
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paid to tlus point. With good illomination aa object subtend- 
ing a visual angle of 0 5“ will give the fuU fonnal field for wUte. 
The ordinary 10 mm. object at the distance generally used, viz., 
30 cm , t e., 10/300, corresponds with a visual angle of 2®. 
Deductions made from variations in the colour fields are 
particularly unreliable (wde p 141) 

Special care must be taken to investigate the central part 
of the field for red and green, since conditions are not nn- 
common, e g , tobacco amblyopia and retrobulbar neuritis, in 
which these colours are not tecogmsed by central vision 
(ccnfral relative scotomata) The 6 mm square should be 
placed over the point of fixation and the colour changed ; 



Pjo 97 —Diagram of tti« nglit •yo, abowjng Ibo nlatiQtuhip of the 
retina to the degrees of the perimetric arc, and the relative value of 
thelatterrshcnprojectedonatangeDtacale n,nodalpomt F,pomt 
of fixation. 

blue and yellow will be recognised as such, but not red aud 
green. 

(3) For more accurate investigation of details another 
method must be employed, but it is applicable only to the 
central and paracentral areas It consists in placing the patient 
2 metres from the centre of a large black screen, 2 metres 
or mote in diameter (Bjerrum’a screen). The patient fixes 
a spot in the centre of the screen and smaller circular discs of 
ivory, 1 mm. to 10 mm. m diameter, attached to a long black 
rod are brought in from the periphery on a level with the 
screen. At tMs distance a 3 mm object subtends a visual 
angle of about 5 minutes. It will be noticed that, the angles 
being projected on to a flat surface, tangents are recorded, not 
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angles themselves as vnth the arc Hence only a email area 
can be investigated and the distortion must be taken mto 
account Some pomts of diagnostic importance which cannot 
be elicited by the penmeter can be brought out by this method 
Vanous scotometers have been devised on the principle of 
Bjerrum’s screen. 

If the charts oi the two qres are superposed there will he a 
large central area which is common to both eyes this is the 
f.€ld of binoculaT wston 

The Light Sense may be roughly tested by means of 
Bjerrum’s test types, which consist of Snellen’s test types 
prmted grey on a grey background of diSerent mtensity , or 
it may be tested against the surgeon’s as a control by using 
the ordinary Snellen’s test 15^3 and gradually lowering the 
illnmination There are considemblc individual difieiences in 
the rate of development of dark adaptation, and facility of 
behaviour under low illumination These are of groat impor 
tance m mght operations bj the combatant services and to 
civilians during ” black out Special methods have been 
devised for tneir investigation The administration of 
ntamin A, which is esdential to the formation of nsual 
purple, does not seem to improve scotopic vision unless 
it IS deficient m the diet The rate of dark adaptation 
may be much prolonged in pathological conditions eg% 
retimtis pigmentosa xerophthalmia, glaucoma Ac 

The Colour Sense requires elaborate apparatus for its 
scientific iQiestigation The methods used will be discussed 
later (p 413) 
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CHAPTER X 

Diseases of the Conjunctiva 

The conjunctiva stows \cry considerable variations m 
appearance at different nges and in people who follow various 
employments The pcculiantics of colour, vascularity, laxity, 
Ao , which are consistent with health can be Jeamt only by 
repeated observation 

It 18 necessary for i scientific appreciation of pathological 
conditions to be cognisant of the normal structuTe of a part 
The conjunctiva is divided into two portions, palpebral and 
bulbar , the folds uniting these parts are the fomicea The 
palpebral conjunctiva is said to commence at the anterior 
margin of the edge of the Iid, but from tbs pomt to the pos 
tenor margin of the edge (the intermargmal strip) and for 
about 2 mm beyond (to the sulcus subtarsalis) there is a tran 
aitional zone covered with stratified epithelium and partaking 
of the characters of both skm and conjunctiva (Chap XXXI ) 
There aro two layers of epithelium over the palpebral conjunc 
tiva from the fomices to the limbus the epithelium becomes 
gradually thicker, forming eventually agam a stratified epitbe 
1 mm Below the epithelium is an adenoid layer, consisting of 
loose connective tissue conloraing mononuclear lymphocytes 
below this a fibrous layer, much denser and passing msen 
sibly into the underlying tissues — ltd or sclerotic The palpe 
bral conjunctiva is firmly adherent to the tarsus, while the 
fim’tiar portion is I'lcefy movafiic o\er the scibrotic except 
close to the cornea 

Badertoloffy The conjunctival sac is pnctically never 
free from organisms Owing to the relatively low tempera 
ture of the conjunctii al sac due to exposure evaporation of 
lacrymal fluid and moderate blood eupply, bactena do not 
propagate themselves readily The tears are not a good 
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culture Diedium, and though they contam lysozyme, 
they cannot be regarded as actively bactencidal They 
contain no agglutinin, and diphtheria antitoxin does not 
pass into them when present in the blood Hence they 
act principally in a meMamcal manner, washing away dele 
tenons agents and their products The presence of dost, 
even if it be sterilised, augments the bactenal content of the 
conjunctnal sac It is also increased by bandaging owing 
to the arrest of movement of the hds and the raised tempera- 
ture of the sac Most of the organisms normally present are 
non pathogenic, but some of theseare morphologically identical 
with pathogenic organisms Diplococci indistinguishable from 
pneumococci are found , they may be innocuous to animals 
or prove themselves true pneumococci The conjunctiva of 
many people is immune to pneumococcic infection, though the 
same germs transferred to other persons will excite a violent 
inflammation It may be stated at once that the pneumo 
coccus IS one of the most dangerous organisms m the pathology 
of the eye Another bacterium, the so-called xerosis bacillus, 
IS morohologically identical with the diphtheria bacillus , it 
can only be distinguished by <kiUed examination of cultures 
Staphj fococci are found , they are relatively innocuous in the 
absence of other organisms, but play an important part m 
mixed infections Stapbyloccocciis albus and serosis bacilli 
are frequently present m the normal conjunctival sac There 
arc reasons for t hinkin g that their presence fa\ours the 
growth of pathogenic bacteria thus xerosis bacilli promote 
the mtdtipbcotion of Koch Weeks’ bacilb both in cultures and 
on the conjunctiva Streptococci, Bac coli, Ac , are patho- 
genic, but rare Other patbogemc orgamsms — gonococci, 
Koch Weeks’ bacilli, diplobaciUi — will be disclosed later 
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the mcreased secretion is almost wholly a reflex secretion of 
tears A foreign body, especially a gram of corn or the wing 
capsule of an msect, may be retamed m the fornix and set up 
a violent unilateral conjunctivitis Irritation limited to the 
lower fomix may be artificial in malingerers and hysterical 
patients 

Recunent or chrome congestion may be caused by tho 
conditions of life — dusty, ill ventilated rooms, exposure to 
strong light, &c Bright light, especially exposure to tropical 
sunlight, acts partly by the glare due to the luminous rays, 
partly by the chemical action of the actinic, especially the 
ultra violet rays and partly by the heat, which is chiefly due 
to the infra red rays Chronic congestion is often due to 
conditions remote from the conjunctiva itself Very fre- 
quently it 18 a reflex irritation due to errors of refraction , in 
such cases the edges of the lids may participate Other causes 
are found in errora of metabolism — gout, over eating and 
drtnkmg, aud eo on It is a characteristic symptom of hay 
fever, and m this case there is an excess of eosmophile leu- 
cocytes in the conjunctival secretion 

Simple hypereemia of the type described causes a sense of 
discomfort, often described as tightness, mttiness, inability 
to keep the eyes open, tiredness Ac Bright light is resented, 
but there is seldom true photophobia The conjunctiva often 
looks quite normal until the lower fornix is ex^ed, when it 
will be seen that the parts in contact are congested and sticky. 
The discomfort frequently cornea on only m tlie evenmg or 
after near work In the gouty cases there may be oedema — 
c^iosis 

Chemosis aSects the most loosely attached parts of the 
conjunctiva, i e , principally the bulbar conjunctiva and fot- 
nices Themucousmembranc becomes swollen and gelatinous 
in appearance The swollen membrine forms a wall around 
the cornea, which it may overhang m severe cases The 
palpebral conjunctiva la hltjc affect^, but the tissues of the 
lid are often also mdematous, so that the hds are swollen and 
appirr iSwogs' lArwr? O'lijir tkff 

"Whenever watering of the eyes is complamed of, and when 
ever only one eye is congested or shows signs of conjunctivitis, 
the lacrymal passages must be mvestigated Pressure witb 
the finger backwards and inwards over the lacryraal sac may 
cause regurgitation of fluid — tears, mucus, or pus — showmg 
that the outflow into the nose is obfitructed If no regurgita- 
tion can be detected, the position of the louur punctum must 
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be noted It ought to bs invisible until the hd is slightly 
everted / 

The treatment of simple hypeneima consists pnmarily in the 
removal of the cause Defectue conditions of life must be 
ameliorated if possible The irritation of strong light must 
be removed, or modified by the use of dark glasses If the 
light IS not a ery excessive ordinary neutral tmted (“smoked ") 
glasses viU suffice They are better than blue or other 
coloured glasses as they reduce the mtensity of the luminous 
rays more umformly throughout the spectrum Nearly all 
lands of glasses cut off a large percentage of the ultra nolet 
rays especially those of shortest wave length Sir IMlham 
Crookes prepared a senes of synthetic glasses which have 
various absorptive powers Some of these cut off practically 
all the infra red and ultra violet rays, while absorbing the 
luminous rays to only a slight degree Tmted Crookes’s 
glasses are specially indicated for use m tropical climates and 
for winter sports 

Errors of refraction must be corrected It should be remcin 
bered that the error may be artificial, through the use of wrone 
spectacles The amount and conditions of near work should 
be specifically stated 

Defects of the lacryroal apparatus must be treated (Chap 
XXXII ) If no defect is noted local treatment of the hyper- 
leima is ordered for a tunc, but if the condition docs not 
lmpro^ e the patency of the lacrymal passages must be demon 
atrated by synngmg The beginner must be careful however, 
that he does not do harm rather than good 

Errors of metabolism must be treated on general medical 
principles Such causes arc easily overlooked , hence they 
should be specially borne in mind 

Local treatment consists in bathmg the eyes frequently with 
warm bone lotion, with or without a mild astrmgent, cy, 
zme sulphate, gr i or j to 5 1 A drop of a mixture of equal 
parts of tmeture of opium and distilled water mght and morn- 
ing, will be found soothing Hazelme, 20 minims to , j , is 
sometimes useful, but vanes in its effect in different people 
Cocaine must be used with diffidence its effects are transitory, 
and it has a deleterious action upon the corneal epithelium, 
but in quite v eak doses often affords much comfort 

In cases where temporary alleviation — usually of the dis 
figuring signs — ^is insistently desired a drop of adrenahne 
solution (1 in 1000) instilled mto the eye will remove the 
discomfort and reduce the ledimss of the conjunctiva The 
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effect IS, however, very transitory, but it mil often earn 
gratitude It i3 especially nselid aJtei the removal of a foreign 
body from the cornea 

The nature nf the secretwn, m conjunctivitis is of diagnostic 
importance It may be watery, mucous, muco-purulent, or 
purulent, and the disease is often classified accordingly Most 
forms of acute conjunctivitis are due to bacterial agency 
Unfortunately, each pathogenic organism does not produce 
a specific climcal picture It is therefore mse in the meantime 
to retain the old clinical tenmnolo^ 

Watery secretion is usually due to reflex secretion of tears 
The other types of secretion show some relation to the bacterial 
cause, and must be distinguished on account of the informa* 
tion they com ey as to the probable seventy of the condition 
and the indication they provide for special measures of treat 
lucnt 

The chief forma of conjuaetmtis may be divided into two 
groups acute, and sub acute or chronic Acute conjunc 
Uvitis may bo classified as simple acute (mcluding muco 
purulent), purulent, membranous, and phlyctenular Sub- 
acute or chronic conjunctivitis includes simple chronic con 
junctivitis, angular conjunctivitis, folbcular conjunctivitis, 
trachoma, tubercle, and syphilis 
Simple Acute Conjunctivitis (Syn -—CatcTThal Coyunc- 
Inilis) The condition described as hypcr®mia of the con 
jUDctiva passes imperceptibly into o condition characterised 
by greater and more general hypetasima and a thicker mucous 
discharge whi^ gums the bds together The hds are usually 
desenbed as being stuck together in the mornings, because the 
condition is most noticed after they have been closed for a 
considerable period The causes, symptoms, and treatment 
are the same as m simple hypencmia 
Vanoua more intense forms of simple acute conjunctivitis 
me met with they are probably ell of bactenal origin, the 
orgamsius differing m different cases Among the lower 
classes the disease is called “ blight ” and it is commonly 
jjflndisrfjd s " s£M -uj thf sjfp " C-aU /rrnlu>iv^v 
by lowering the resistance of the tissues to the action of 
organisms 

The commonest form is Mueo-purulent Conjunctivitis 
Here, as the name impbes, the secretion is rouco-pujulent , it 
13 more profuse than in the simpler forms As in most cases 
of conjunctivitis the disease is contagious, bemg transmitted 
directly by the discharge and possiblv by the air of lU ventilated 
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rooms, ttougK this meth.od is doubtful, smce most of the 
organisms are non sponng and are easily destroyed by diying 
The whole conjunctiva is a fiery red {' pink eye ’ ) , all the 
conjunctival vessels are congested except the circumcomeal 
zone in the milder cases (wdc p 83j Flakes of muco pus are 
seen in the formces, and often between and upon the margins 
of the lids If the discharge is allowed to dry the lashes 
become matted together by dirty yellow crusts These may 
be easily mistaken for the condition found m blepbantis, but, 
if the cni«-ts are bathed off the underlying Ud margmswillbe 
found healthy Flakes of 
mucus passmg across the 
cornea often give nse to 
coloured haloes, owmg to 
their pnsmatic action 
These haloes ” must be 
carefully distinguished 
from those met with in 
glaucoma (y r ) 

The discharge is at first 
raucous, but gradually be- 
comes more purulent Be- 
ginners are liable to mis- 
take muco purulent for 
true purulent conjunc 
tmtis In the former, the 
more purulent masses are 
found among the lashes 
and at the inner canthus, nhilst the formces and bulbar con 
junctvsa show only flakes of translucent or yellowish secretion 
In the latter, crusts of inspissated pus may be seen among 
the lashes and at the canthi but when the lids are separated 
fluid pus wells oat 

The disease reaches its height in three or four days if 
untreated it is bable to pass into a less intense, chrome con 
ditiou Compbcations are rare, but abrasions of the cornea 
are hable to become infected and to give nse to ulcers Occa 
sionally marginal ulcers form — ^m debilitated or old people or 
as t’ue result o'l improper trea'cmen'c 

Muco purulent conjunctivitis frequently compheates phJyc 
tenular conjunctmtzs 

Pathology Muco purulent conjunctmtis is frequently 
caused bv the Koch M eeks’ bacillus (Fig 98) This is a very 
slender rod varying much m length It stains badly with the 
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ordinary basic dyes c^f Lofflers roetbyl«'ne blue it is 
decolourised by Gram Groups of baciHi found in much 
dogenerated ' skeletonised ' pua cells are very characteristic 
The organism is rapidly destroyed by drying It has been 
known to gue nse to very definite epidemics In Fncland 
the cases are usually sporadic though modente transromion 
IS common An attack confers immumtj for some time 
The Koch Weeks bacillus is by no means the only cause 
of mneo purulent conjunetivitia Diplococci which are indis 
tmgmshable from pneumococci (Tig 99) also cause it probably 
more frequently in England Pneumococcic conjunctivitis 
though not definitely 
separable from the other 
acute forms clmically 
shows distinct tendencies 
which should be borne m 
inmd the more so since 
the pneumococcus is the 
cause of hypopyon ulcer 
(qv) There is usually 
more cedema (chemosis) 
small ccchymoses are com 
mon and a membranous 
film may form— pseudo 
membranous conjuncti 
vitis It IS commonest 
in northern countries and t{a oo —Pmamococc {x iOOO) 
m the cold weather, and 

13 more often found in children than adults It ends with 
a crisis like pneumococcic infection of the lungs after which 
the orgamsm rapidly disappears from the secretion It is 
often accompanied by nasal catarrh which may precede or 
follow the infiammation Intis is very rare as a sequel of 
conjunctivitis but pneumococcic conjunctivitis is exceptional 
m this respect The inflammation of the ms is set up by 
absorption of toxms (cf Hypopyon Ulcer of the Cornea) 

The influenza bacillus which is distmguished with diffi 
ciflty from the Koch "W eeks 1 acillus is responsible for con 
junctmtis during mfluenzi epidemics more often in children 
than adults 

The muco purulent conjunctmtw associated with phl^ c 
tenuhr conjunctivitis is usually doe to staphylococcus aureus 
which may aho set up conjunctivitis in cases of blephantis and 
eczema or impetigo of the skin The organism sometimes 
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causes a mueo purulent discharge after cataract extraction 
and other operations, and also m the new born probably 
owing to the defective resistance of the tissues m these conJi 
tions In the presence of imtatmg dust a staphylococcic con 
junctmtis of slight intensity may be set up The presence of 
staphylococci is hable to a^avate conjunctivitis set up by 
some other organism 

Other organisms have been found, but their aitiologica! 
relationship to the disease is not proved 

Muco-purulent conjunctivitis generally accompames or 
follows measles and frequently scarlet fever It also occurs 
with acne rosacea, when mmute nodules, somewhat hke 
phlyctens, form at the limbus and on the cornea It fre- 
quently recurs m these cases, and is 
' intractable Muco purulent conjunc 
tivitis sometimes occurs among people 
who use swimming baths (t p 182) 
It often spreads rapidly through schools 
and other such institutions 
Treatment The best treatment for 
muco-purulent conjunctivitis is the 
frequent washing out of the con 
junctival sac with lotio hydrargyri 
perchlondi (1 to 10,000) (called here- 
?ia 100— Undine after subbmate lotion) It should be 

warmed and diluted by the addition 
of a httle boding water The lotion must not be simply 
applied to the hds It is well for the surgeon himself or a 
competent nume to wash out the conjunctival sac the first 
time For this purpose an “ undine ” (Fig lOO) is the most 
convement reservoir The lids are everted and the lotion is 
poured from a little height over the whole surface, every 
crevice being irrigated as thoroughly as possible The nozzle 
of the undme should not be allowed to touch any part of the 
eye The patient may be directed to use the ordinary eye- 
bath for the apphcation of eye lotions If a child, the parents 
should be instructed to hold the hds apart, the child Ijung 
upon Its back A pad of cotton wool dripping with the lotion, 
which may be warmed, is then held over the eye and the lotion 
squeezed out the process is repeated until all discharge has 
been washed away The lotion may be warmed by placmg the 
bottle m hot water, but the addition of an equal part of hot 
water suffices , eye lotions act chiefly hy washing out dele- 
terious material, since they cannot be used sufficiently strong 
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to act as efficient antiseptics. For this reason boric acid lotion 
is probably neatly as efficacious and is less irritating. Indeed, 
boric acid lotion or even normal saline solution should be 
ordered for nervous people who are afraid of a little pain, since 
it is useless to bathe the eyes unless the fltiid irrigates the 
conjunctival sac. 


Boric acid ointment or sterile vaseline is smeared along the 
lids at bed-time, or, in children, as often as they ate put to 
sleep ; it prevents the lids from sticking together — a two-fold 
benefit, that of preventing discharge from oe/og retained, and 
that of obviating pain on opening them. 

The eyes shomd not be bandaged, as it prevents the free 
exit of the secretion. If there is any photophobia a shade or 
dark goggles should be worn. The phtient should spend as 
much time out of doors as possible. 

If this treatment is properly carried out, the patient will be 
well in a few days. Even if only partially sttccessful there will 
then bo less discharge. 

If the case is not progressing as rapidly as could be desired, 
or the attendants ate not reliable, and it the discharge is sub- 
siding, it is wise to 

solution (gr. x. to 

3 i.) This is the strength which should always be used for 
painting lids. Stronger solutions act too vigorously as caustics, 
and, if a caustic efiect is desired, it can be obtained with greater 
precision by other means. Weaker solutions are precipitated 
by the chlorides in the kcrymal secretion, so that they are 
practically useless. 

The following is the best method of painting lids. A glass 
rod is used, tapering at each end {Fig. 101). The finger should 
bo passed over the ends each time before use to make sure 
that they are not chipped. The end is dipped in lotion to 
damp it, A very thin wisp of cotton-wool is then tightly wound 
round the end, starting where it begins to taper : this fixes 
the wool. The end of the wisp is left loose, so that it may 
absorb the solution. The other end of the rod is armed in the 


same manner. 

The patient, if a child, is placed upon his back. The lids 
are everted ; the wool, dipped in the silver solution, is applied 
freely to the conjunctival sac, the cornea being protected as 
muen as possible. It is quite unnecessary to neutralise the 
excess of nitrate with salt solution, as is often taught. The 
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excess may be mopped up with a pad of dry absorbent wool 
If, as IS usually the case, the other eye is aficcted, the other 
end of the rod is used m the same manner In the absence 
of a glass rod the best implement is an ordinary wooden 
match, used in the same way The match can be thioam away 
after use The glass rod must be sterilised by boiling A 
camel’s hair brush should not be used it cannot be kept 
aseptic 

A smgle painting with silver mtrate will often produce an 
excellent result It is good as a prophylactic if discharge is 
inadvertently mtroduced into a normal eye Other prepara 
tions of silver — ^protargol (20 per cent ), argyrol (25 per cent ), 
Ac —are not so efficacious, but they have the advantage of 
bemg less painful 

Sliver mtrate acts by fotmmg a thin epithelial eschar and 
coagulatmg the muco purulent discharge The blmsh white 
film 13 cast off m flakes, and nntii this process is complete the 
feclmg of a foreign body in the eye is experienced The imta 
tion IS reduced if the Ud is kept eierted for a few mmutes and 
the flakes gently removed with cotton wool, a drop of 2 per 
eent cocame solution bemg then instilled Silver mtrate is 
not strongly bactencidal, but the oi^nisms are entangled in 
the coaguum and remoied with it Moreover there is a 
powerful physiological response to the caustic , hypercemia 
mcreases and the tissues are flooded with blood serum, which 
can thus more effectively exert its bactencidal and antitoxic 
powers The slighter efficacy of protargol and the modem 
colloid substitutes for silver mtrate is to be attnbuted to their 
smaller caustic and imtant properties which are often regarded 
as their chief advantages 

The conjunctiva generally returns to a perfectly normal 
condition If the case has been neglected and clironic inflam 
matory signs persist, astrmgents should be used as for chronic 
conjunctivitis (jt ) 

Smee the disease is contagious care must be taken to prevent 
its spread The patient most keep his hands clean and no 
one else must be allowed to use his towel, handkerchief, Ac 

Purulent Conjunctivitis (Syrt — Acute Blennorrhcea, Gonor 
fnadt Tjonjumitviiti) 'Os n rumhi 1110115 isurrucra ufiri-A-itm Vi. 
occurs m two forms — as ophthalmia neonatorum m babiea, 
and as gonorrheeal conjunctivitis m the adult Certamly the 
former, and probably the latter, is not mvanably gonorrhoeal 

Gonorrheeal Conjunctivitis {Syn —Acute Blennorrhaa of 
Adults, dc ) Gonorrheeal conjunctivitis is e\ en more senons 
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in the adult than in babies , ioitunatcl ^ , considering the pre- 
valence of gonorrhcea, it is comparatively rare (1 m 700 — 800 
cases) "While generally due to the gonococcus it is important 
from the medico legal point ol view to remember that the 
same features may be found with streptococci, diphtheria, and 
with mixed infections The gonococcus h a bun shaped 
diplococcus, stammg readily decolourised bj Gram and 
found iTithm both leucocj*tea and epithehal cells fFig 102) 
The micrococcus catarrhahs and the memngococcus, both 
Gram neg?itive, are sometunea found m the conjunctival sac 
They may be distinguished from the gonococcus by the ease 
with which cultures ore obtained and by agglutmation tests 
Th^ micrococcus catar- 
rbalis IS rarely found in 
acute conjunctivitis, but 
more often in chronic and 
post operative forms 

The disease is due to 
direct infection from the 
gemtals hlales sufier 
most, the right eye 
before the left in a rights 
handed person There is 
mote swelling of the lids 
and conjunctiva than m 
children copious purulent 
discharge, more tendency 
to ini olvcinent of the cor Fio 10- — Gonococci {X 3000) 
nea, and marhed constitu 

tional disturbance — rise of temperature, and so on, but 
especially very maihed depression of spirits I The greater 
danger to the cornea is due to the chemosis, which produces 
blood and lymph stasis and facilitates the retention of 
secretion ) 

The incubation period is a few hours to three days The 
upper lid becomes enormously swollen and tense, overhanging 
tile ibwcr, ami’ eu^eu’ witii pow iVersiuir, wihuih iv ulifftouV, 
shows that the palpebral conjunctiva rs deep red and velvety 
rarely there is a membrane Occasionally the discharge is 
sanious rather than purulent, especially in streptococcic cases 
There is great pam , the prcanncular gland is enlarged and 
tender, and may suppurate 

After two or three weeks the purulent discharge diminishes 
but subacute conjunctivitis With much papillary thickening of 
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the conjimctna penists for se\ecal weeks longer The gone 
coccus 13 still present — a point of great importance, both aa 
regards contagion and treatment No immunity is conferred 
by the attack 

The most important pomt m diagnosis is the comcidence of 
urethritis The most important pomt in prognosis is the con 
dition of the other eye 

Comeal compbcations ate the rule and constitute the cause* 
of blindness There may be diffuse hazmess of the whole 
cornea, with grey or yellow spots near the centre Ulcen* 
may occur at any part and are due to necrosis of the epithc 
hum through direct m\asion by the orgamsms Marginal 
ulceration which may extend completely round the cornea, 
is due to retention of pus m the angle formed bj the chemotic 
conjunctiN a 'W hen ulceration 
has commenced it progresses 
rapidly and deeplj, since the 
tissues are bereft of their first 
hoe of defence — the cpithe 
hum Perforation is therefore 
common, with all its atten 
danfc dangers (nde p 202) 
Ulceration commencmg late in 
the history is not so dangerous 
The greatest cate should be 
taken to prevent injury to 
the cornea during the mampa 
lation necessary for diagnosis 
and treatment Abrasions are 
easily produced by the finger 
nails, and even by the rough u^e of wool swabs Such 
abrasions rapidly become dangerous ulcers 

Intis and indocychtis with attendant complications, may 
arise mdependently of perforation of the cornea, and lead to 
senous dim inution of vision 

Gonorrheeal arthntis is not uncommon and endocarditis 
and septicmmia may arise as comphcations 

Treatment must be directed first to protection of the 
other eye This is at once sealed up with a Buffer s shield 
which consists of a watch glass stuck in a frame of ad 
hesive plaster, or better, mbher {Fig 103) The rubber i* 
hermetically sealed down to the face and no*e except at 
the lower outer angle, where a small piece of tubing is 
inserted under the edge If this means of ventilation is 
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not adopted the glass becomes hazy and the eye cannot 
be properly observed, moreover, the wTjtatron to the eje 
13 greater Special attention should be directed to fixing 
the shield near the nose, t e , on the side of the source of 
infection Patients should be told to sleep lying on the same 
side as the affected eye 

If the second eye should show signs of infection it must bo 
treated, but e\ery utensil or dressing which is appbed to the 
eye must belong to a totally different set from that used for 
the worse eje, otherwise it may be inoculated rather than 
treated The less affected eye must always be dressed first 

If pus from a gonorrhoeal conjunctivitis spurts into the 
surgeon’s eye, the conjunctival sac should be freely irrigated 
inth sublimate lotion and the lids painted once with silver 
nitrate (vtde p 1*3) The eye should be carefully watched, 
but no further drastic treatment applied unless conjimctivitis 
supervenes The accident is due to carelessness, for every 
attendant on n gononhccal case should wear protective 
gocglcs 

If the disease is fully established and there is abundant 
purulent discharge, the eye must be irrigated every two hours 
dunng the day and every four hours during the night with 
warm saline (0 85 per cent ), bone, or weak sublimata lotion 
(1 in 8 000), mcrcurochtomc (1 pet cent ), or acriflavme 
(1 in 1,500) T( ed wet dressings are applied in the intervals, 
but arc to be bandaged on quite loosely, so as to avoid reten 
tiOQ of discharge The patient is kept in bed, and if mtelli 
gent, can bathe his hda m iced lotion m the mtervals Iced 
applications afford much rebef to the patient, though hot ones 
ate probably more efBcaciou'* 

Jlost reliance must be placed on applications of silver 
nitrate, but they must be used with discretion They are 
specially indicated m gononhoenl conjunctivitis because the 
gonococcus IS an intracellular onanism As already stated 
(p 151) Sliver nitrate destroys the superficnllayer of epithe 
lial cells, which is cast off as fibny eschar, carrying the entangled 
organisms with it "When not contra indicated the conjunctn a 
of the everted lids should be well pamted with sih er nitrate, 
gr X to 5 1 , not oftener than once a day Special care must 
be taken to avoid mjury (vufcp 89) This treatment is contra 
indicated in the ■’ err early stage before free discharge has set 
m, and al^o in later stages if there is much brawny swellmg 
mth comparatively little discharge Under the^e conditions 
the stasis is so great that reaction is inefficient , the caiwtic, in 
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fact, induces the necrosia which it should be our endeavour w 
avoid In snch cases hot applications and leeches should be 
relied upon The latter are applied over the temporal region 
near the outer canthus If the Ii^ are very tight the outer 
canthus should be split (canthoplasty) The ends of strong 
blunt-pomted scissors ate inserts between the hds into the 
angle under the outer canthus, which is then divided by a 
single snip in a horizontal direction This has the good eSect 
of bleeding the patient ebghtly, and also of giving free exit to 
discharge 

Sulphapyridine (M L B 693) has proved very successful m 
gonorrbreal infections, and should be used as described on 
p 693 

Smee no general immunity is conferred by the organism 
active immunisation with a gonococcic vaceme is useless 
Milk injection appears to have a beneficial effect if giv en in the 
early stages (nee p 694) if the reaction is not too great jt 
can be repeated once or twice, but if these fail further injections 
arc useless 

It is of great importance to attend to the general health 
The bowels must be kept freely open The strength must be 
reinforced by every available means — good foods, tonics, 
alcohol if necessary An occasional sleeping draught and the 
use of sedatives must be ordered according to general pan 
ciples Every effort must be made to combat the depression 
from which these patients suffer 

In the final stage of the disease silver nitrate should be used 
at increasing intervals for a week or foitmght after the puru 
lent discharge has ceased Astringent lotions ate then em 
ployed (Vide p 172) 

Atropine should be used in all cases where the cornea is 
involved, since this is always accompanied by some intiS, 
but the intraocular tension should be watched 

Comeal complications require very active treatment (vide 
pp 204, sej ) 

Metastatic Gonarrhceal Conjunctivitis aomctimes occur* in 
adults, associated with gonorrhceal arthritis It is a imld 
smujlftConymctivitiSv^puerallY bilaterakaad occasionallv accom 
pawed by intis It is probably doe to endogenous infection from ' 
gonococci in the blood It usually responds readily to local 
treatment, but is apt to recur if the arthritis relapses 

Ophthalmia neonatorum is a preventable disease occurrmg 
in new bom children as the result of carelessness at the 
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'time ol birth , it is responsible for 60 per cent of blind children 
*and about 7 — 8 per cent of all blind people (8 per cent in 
TJ S A., de Schwemitz) It os difficult to obtain reliable 
^ statistics, especially since all cases o£ discharge from a baby’s 
eyes within three weeks of birth have become notifiable as 
! ophthalmia neonatorum (vtde p 161) It is obvious that a 
hrge proportion of these cases are not (^hthahma neonatorum 
m the narrower sense of the term True ophthalmia neona 
tonim IS due to iniection by vagmal or fecal matter, or from 
dirty rage used to clean the eyes Purulent discharge is 
usually noticed on the third da^, when it occurs later it w 
j,eneraUy due to posfc-partum infection In rare cases the 
disease is already present at birth 
Any discharge, even a watery secretion, from a baby’s eyes 
during the first ^veek should be viewed with suspicion, smee 
tears are not secreted at this early date In cases of infection 
the discharge rapidly becomes muco purulent and then puru 
lent Both eyes ate neatly always affected, though one is 
usually worse than the other The conjunctiva becomes 
intensely inflamed, bright red, and swollen, and pours out thick 
yellow pue Alatked chemosis is a distinguishing feature from 
severo touco purulent conjunctivitis, and when the lids arc 
separated by letiactois the cornea is seen at the bottom of a 
crater like pit There is dense infiltration of the bulbar 
conjunctiva, and the Uds are swollen aod tense Later the lids 
become softer and more easily everted, the conjunctiva 
becomes puckered and veHcty, and the blood stasis gives 
place to intense congestion, with free discharges of pus, serum 
and often blood In some cases a false membrane forms, so 
that tbe case resembles a membranous conjunctivitis 
There is great risk of corneal ulcentjon in ophthalmia 
neonatorum, especially, as is usually the case, when it is due 
to the gonococcus, which has the power of invading intact 
epithelium The slightest haziness of the cornea should be 
viewed ivitb apprehension Often tbe cornea is already 
ulcerated, and not infrequently perforated, when the child 
comes una’er o6ser\ atton osuafiy ocimrs over aa 

oval urea just below the centre of the cornea, corresponding 
with the position of the hd margins when the eyes are closed, 
and consequently, rotated somewhat upwards Mote rarely 
oval marginal ulcers are formed as m the gonorrhceal conjunc 
tivitis of adults, or the ulcemtioa may be central The ulcers 
eitend rapidly, both superficial^ and m depth, largely owing 
to lymph stasis due to strangulation of the nutrient vessels 
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Perforation is usually sigzuklised by a black spot or area in 
the ulcer, caused by protrusion of the ins Sometimes perfora 
tioQ is sudden, a large part of the ms prolapses, and the lens 
may be extruded Ex some cases there is a black hole m the 
cornea, filled with clear vitreous 

Metastatic stomatitis and arthritis occur rarely, as m gonor 
rhceal urethritis The arthntic manifestations usually appear 
in the third or fourth week and affect knee, wrist, a^e, 
or, sometimes, elbow The course is benign, abscesses being 
rare 

The baby s eyes must be examined as de«cnbed m method 
(4), p 81 The surgeon must wear protective goggles lest pns 
spurt into his eyes when the child s lids are separated Re* 
tractors must always be used for separating the lids, smce tie 
slightest pressure on the eyeball may result in perforation 
{tide p 89) 

A bacteriological examination should be made m e%eT> ca<ie. 

Pathology Probably oO— 70 per cent of cases are due to 
the gonococcus The bac coli is responsible for sbme of the 
remamder, probably through f^cal infection , pneumococci, 
streptococci and mixed infections for others btreptococcic 
con 3 unctmtis is even more nruleot than gonococcic, the 
cornea being m imminent danger 

SequelcB of Ophthalmia Efonatorum If the comeal ulcera 
tion heals without perforation there is always much scamng 
of the cornea hut the nebula clears more m babies than in 
older people Perforation may be followed by antenor syne 
chiT (g t ), adherent leucoma (g v ), partial or total anterior 
staphyloma (g i ) anterior capsular cataract (g t ), panoph 
thalmitis, Ac Ophthalmia neonatorum is the commonest 
cause of antenor staphyloma 

When vision is not completely destroyed, but is very sen 
ously impaired by the comeal opacities resultmg from opbthal 
mia neonatorum, the deielopment of macular fixation, which 
takes place durmg the first six weeks of life, is interfered with, 
resultmg m the development of nystagmus {g r ), which per* 
sists throughout life Aystagmus may not become manifest 
until some considerable period after the ophthalmia 

Treaimenl Tne disease is preverftaVie , profnfiaiiciv rttsA 
ment is therefore of prime importance Any suspicious 
vagmal discharge during tiie antenatal period should be 
treated Thenew bombaby’sdosedlidsshouldbethoroughly 
cleansed and dried The bds are then separated, and a drop 
of silver nitrate solution, 1 per cent , in'^tiUed mto each eve 
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(Crede’a method) The eyes must be carefully watched during 
the first w cek 

If the disei^e is established the eyea must be irrigated every 
two hours with saline or preferably sublimate lotion, and the 
lids painted once daily ^ith 2 per cent silver nitrate {vide 
pp 153, 157) The surgeon or nurse must wear protective 
goggles and rubber gloves In irrigating or painting the 
greatest care must be exercised to avoid touching the cornea, 
thus injuring the already softened epithelium Aigyrol, 
protargol, and other colloid prepamtions of silver must not be 
used instead of silver nitrate, but may be used as drops in the 
later stages u hen the critical period has passed The slightest 
sign of comeal hanness is an indication for the use of atropine, 
0 5 per cent (iidep 204) Boric acid ointment should be used 
to prevent the lids from sticking together, or the atropine may 
be used in the form of an ointment Eusol (1 in 10) for irriga 
tion and acriflavmc (1 in 1,500) m castor oil as drops arc used 
at St Margaret’s Hospital Sulphapyridine (31 L B 693) has 
proved V ery successful m ophthalmia neonatorum, and should 
bo used as described on p 693 Protein shock by milk injec- 
tions have proved beneficial 1 cc increased to 2 or 3 cc 
every third day, according to the febrile reaction, is the 
suitable dose {mde p 694) 

The PTeveiUton of Ophthalmta Neonatorum and Bhndftess 
due to this Cause Though ophthalmia neonatorum is a pre 
vcntahle disease, and much attention has been directed to its 
prevention, it still remains the cause of a large amount of 
blindness It was made notifiable throughout England and 
^\ale■^ m 1914, being defined as a “ purulent discharge from 
the ej es of an infant commencing n itbm twenty one da}'3 of 
birth ” Under the rules of the Central Midwives Board every 
midwife IS required, under severe penalties, to call to her 
assistance a medical man m any case of “ infiammation of or 
discharge from the eyes (of the child), howev et slight," and to 
send notice to the supervising authority that medical help has 
been sought The adnunistmtive measures ensure that mid 
wives’ caves come promptly under the supervision of medical 
officers v^ho are accustomed to deal w ith this class of case There 
is evidence that some medical practitioners fail to recogni'se 
rarlj and notify promptly cases of ophthalmia neonatorum, 
\s 1 1 h the rtsult that efficient treatment is not begun early enough 
to prci ent serious impairment of vision or ev en blindness 

Since most of the worst cases of ophthalmia neonatorum 
ate gonorrhoeal, the combating of this disease should dimmish 



162 diseases of THE EYE 

th© incidence of blindness As already mentioned, ante-natal 
measures should be adopted, whenever possible, to cure disease 
causing abnormal vaginal discharge in the mother Kert, the 
greatest care should be exercised to avoid vaginal discharge 
reaching the eyes of the baby at birth “ As soon as the child’s 
head is born, and if possible before the eyes are opened, its 
eyelids must be carefully cleansed They should be thoroughly 
wiped with clean material such as cotton-wool, Imt, or rag, 
using separate pieces for each eye . . . ^Vhen the baby is 
bathed the discharges with which its body is covered during 
labour are washed o5 into the bath water If its face is v ashed 
in this vater matter may get into the eyes ” (/nstmdicmj/o 
Midimcs, hj Central Mtdunes Board ) 

Prophylactic Drugs In the hands of medical men Credo’s 
method has been most 8ucce<«sful and is to be recommended, 
especially m cases vhete abnormal vaginal discharge is known 
to exist It IS not, however, to be recommended for umvcr«al 
use by midwives for the following reasons (1) The midwife 
may be apt to think that, having dropped a little solution into 
the eye, she has done all that is necessary, end consequently 
neglect the scrupulous cleansing which is even more impor 
tant , (2) the use of drugs will mduce an mSammatory re 
action which, on the one hand, ehe may mistake for the onset 
ofthediseaseandnotifyaccordingly , or (3) on the other hand, 
she may regard as “ only a little reactionary discharge ** what 
IS really a mamfeatation of the disease itself , (4) the wrong 
solution may be used there are several cases on record of 
strong nitnc acid, probably suppbed for urme testing, having 
been dropped into the baby’s eyes m mistake for siher 
nitrate Owing to the proved efficacy of CredS’s met) od and 
improved administrative arrangements these arguments have 
lost some of their force 

When ophthalmia neonatorum has actually developed, a 
medical practitioner who lias not had very thorough training 
and experience in the treatment of the disease should at once 
obtain the assistance of an ophthalmic surgeon It is to be 
remembered that any discharge from a baby’s eyes durmg the 
first week of life is pathological, and no nsks should be taken 
Given satisfactory home conditions, competent medical 
supervision, and skilled nursing, home treatment gives th> 
best results In many cases these requirements cannot be 
fulfilled In these cases probably the ideal method is to 
transfer both mother and child to a hospital where special 
provision is made for such cases This is possible in London 
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at St Margaret’s Hospital, and also in most other large towns 
and in many county boroughs , but it rs eminently desirable 
that similar provision should be made in suitably distributed 
General or Ophthalmic Hospitals since spccnl hospitals for 
the purpose are liable to become stigmatised as ^enereal 
hospitals Fading this method of dealing with the case, the 
child should be taken daily to the out patient department of a 
General or Ophthalmic Hospital, and the eyes irrigated as 
often as possible by a competent nurse at borne This method 
13 fairly satisfactory in all but the worst cases but is not always 
practicable in outlying districts 
Membranous Conjunctivitis (Syn — Diplithenlic Conjuno 
tinUs) As m inflammation of the throat the surface may 
become covered by a fibrinous membrane so the same may 
occur in the conjunctua, and just as the milder clinical 
varieties in the former were distmguiafaed as croupous from 
the severer or diphthentic so also with conjunctivitis It 
has been placed beyond dispute howeaer that mild cases 
may be diphtheritic and severe non diphtheritic , hence it is 
best to speak simply of membranous conjunctmtis until a 
bacteriological examination has placed the matter beyond 
dispute A variety of organisms other than the diphtheria 
bacillus, e g , pneumococcus streptococcus can produce a 
membrane, especially m weakly children eg after measles 
and scarlet fever and m association with impetigo , these 
cases are sometimes called pseudo membranous They cannot 
be distinguished clinically with certainty 

Membranous conjunctivitis occurs chiefly m children and 
shows all degrees of seienty it may be as virulent ns the 
worst cases of gonorrhcsal ophthalmia It is rare in England, 
but it 13 of tlie utmost importance that it should be recogmsed 
when seen, not only on account of the grave danger to the eye, 
but also from the risks of contagion 
In mild cases there is some swelling of the lids and a muco 
purulent or sanious discharge On everting the lids the 
palpebral conjunctiva is seen to be covered with a white 
membrane, which peels ofi readily without much bleeding 
In se\ ere cases the lids are more brawny the conjunctiva 
IS permeated with semi solid eamdates, which impair the 
mobility, compress the xcssels, prevent the formation of a 
free discharge, and tend to necrosis both of the conjunctiva 
and cornea Here the membrane separates much less readily, 
the underljnng surface bleeding unless it is too infiltrated and 
solid The membrane may be patchy or covet the iiLoIe 
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palpebnl conjimctna often begiimmg at the edge of the hd 
It IS <5eldom found on the ocular conjunctiva The pre- 
auricular gland may be enlarged and maj suppurate The 
temperature is raised unless the patient is in a moribund 
condition Albumin is frequently present in the unne 
For SIX to ten days there is great peril to the cornea Then 
the sloughs begin to separate and the discharge becomes more 
profuse In a few days the conjunctiva assumes a red and 
succulent appearance 
There is danger now of 
adhesions forming between 
the palpebral and bulba^ 
parts of the conjunctiva 
(symblepharon) 

Post diphthentic para* 
Ijsis evenof accommola 
tion IS rare 

Caces of less severe but 
more chronic membranous 
conjunctivitis are occa 
sionally met with In 
them the merahnm, is 
cast ofi but occurs again 
and again The ^tbo 
logy of these cases is not 
understood it has been seen as a complication of ervthema 
multiforme 

f.Pathologj Competent bacteriologists have showu that 
there is little or no relationship between the seventy of the 
local condition and the presence or absence of the Klebs 
Loffler bacillus (Fig 104) Only series of cases in which positive 
results Lave followed inoculation into animals are absolutely 
trustworthy owing to the difficulty of distmguisbmg the 
diphthena from the xerosis bacillus with which it is mor 
phologically identical The pseudo-diphtheria bacillus forms 
little or no acid m culture and is not vixnlent for gumea pigs 
and the different vaneties may be distinguished by aggluti 
nation tests Neissers stain (acetic methylene blue and 
Bismarck brown) demonstrates blue granules at the poles 
of true diphtheria bacilli in cultures of nine to twenty four 
hours Inoculation tests only are absolutelv reliable 

Other cases maybeduetotheaction of beat caustics severe 
atropme irritation herpes ins and other non bictenal causes 
Other bacteria which occasionally form membranes 
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are pneumococcus streptococcus, Koch W eeks’ bicillus, 
gonococcus, stapli} lococcus, Pnedlander’s pncmnoma bacillus, 
bacterium coli, ic Streptococcic conjunctivitis, a very 
virulent form, occurs chiefly m cliiltlren associated iMth 
measles, scarlet fever, whooping cough, aud influenza 
It is quite rare to obtain evidence of primary diphtheria 
of the throat, though the disease may have been derived from a 
case of faucial diphtheria and extension to the nose and throat 
by way of the lacryrnal sac and nasal duct occurs The genitalia 
should be examined for diphthena or leucorrhceic discharge. 

Ireatment Every case should be treated as dipbthenal 
unless good negative evidence is afforded by films and serum 
cultures In mild cases isolation need nor be strict until the 
bacteriological report is obtained on the second day 
The treatment is essentially that of purulent ophthalmia, 
with one important exception, viz , that painting wuth nitrate 
of silver IS not to be resorted to Further, canthoplasty is not 
to be done, since both these procedures increase the area from 
which toxins may be absorbed 
Local treatment consists of irrigations and hot bathings as 
for purulent ophthalmia {q v ) One drop of atropm** should be 
instilled at the comnienccnient of treatment Quimno lotion, 
cr m to ^ 1 , with a minimum of acid to dissolve the salt, has 
been recommended 

The most important general treatment is the administration 
of antitoxin os in faucial diphthena Smeo the antitoxm is 
innocuous it should be used at once in every doubtful case I 
have obtained benefit by local instillations of antitoxin, which 
13 a rational procedure but seems to have been neglected 
Special attention should be paid to the nutrition, and tomes 
are indicated 

Corneal complications must be suitably treated {vide p 204) 
Antitoxins are specially useful as may be shown by expen 
ment If diphthena toxin is injected into the cornea of tvo 
rabbits and one is given an intravenous injection of antitoxin, 
the cornea of this animal will remain clear, whereas that of 
the other will become cloudy Comeal ulceration, however, 
IS usually dueto secondary infectionwith pyogenic organisms 
It may start at the middle or margin of the cornea aud is not 
wholly due to interference with nutrition 
In streptococcic membranous conjunctivitis the danger of 
s^crosis of the cornea and even of the death of the patient 
is such that immediate recourse should be had to a specific 
antistreptococcic scrum The remarkable results of treatment 
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of other streptococcic conditions, e.g,, puerperal fever, with 
sulphanilamide indicate that it should be tried in these cases 
(vide p. 693)./ 

Phlyctenular Conjunctmlis (5yn . — Eczemafous Conjunc- 
tivitis). In phlyctenular conjunctivitis (Plate I\^, Fig. 1) one 
or more small, round, grey or yellow nodules, slightly raised 
above the surface, are seen on the bulbar conjunctiva, generally 
at or near the limbus ; they rarely occur on the palpebral 
conjuncti%'a. The disease is very frequently complicated 
ssuth muco-purulent conjunctintis, in which case the whole 
conjunctiva is intensely reddened. In pure phlyctenular con- 
junctivitis the congestion of the vessels is limited to the area 
around the phlyctens. 

The disease is most frequent in children from five or six 
to ten or twelve years of age, but not very young children ; 
it is rarely seen in adults. The children often have enlarged 
lymphatic glands in the neck, 3:c., or other signs of tubercle ; 
on the other band, every sign of tubercle may not infrequently 
be lacking : the children, however, are seldom robust. The 
first attack often follows an ezanthem, especially measles. 
Bhinitis and adenoids are frequently present ; signs of con- 
genital syphilis may be found. 

Phlyctens, as the name suggests (^\v<Ta»’a, a bleb), at 
first much resemble blebs : it is doubtful, however, whether 
there is a true vesicular stage. They may be so small os to 
be seen with difficulty, but they usually measure about 1 nun. 
in diameter, occasionally reaching a diameter of 3 mm. or 
4 ram. The larger ones are yellow, and have been described 
as pustules. In the later stages the epithelium over the sur- 
face is often destroyed, small ulcers being formed, 
this occurs on the conjunctiva proper it is of little moment, 
since healing takes place rapidly without the formation of a 
scar. ^\Tien it occurs on the cornea, as is very frequently the 
ca.se. it is much more Sinous {vide p. 221). 

Very frequently the skin of the lids and cheeks shows au 
eczematous condition, and eczema will be found not uncom- 
mon, if searched for, in other parts of the body, especially in 
the scalp. This fact has led the condition to be regarded by 
some as an ocufar maniYesfation of eczema. Tie cieeasw 
has indeed been regarded as an exanthem. It xs probable 
that in most cases the eczema of the lids and face is secondary 
to the continual irritation of the skin induced by the overflow 
of tears and the rubbing of the wet surface with the hands. 

Pathology throws some light on the disorder, though it by’ 
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no means settles the caiisatwn A simple phlyctcn shows 
in section n tnangular area of intense infiltration, the apex 
of the triangle being towards the deeper layers The sub- 
epithelial adenoid layer normally contains a few mononuclear 
l)mphocytc3, but in the phlycten they are very numerous and 
closely packed together The epithelium is intact, and it is 
doubtful if a vesicular stige has ever been obsers ed 

If there is a considerable amount of conjunctnitis of the 
muco purulent type, not only are lymphocjrtes present, but 
there are also many polymorphonuclear leucocvtcs, both in 
the sub cpitbehal tissues and among the epithelial cells In 
such cases the epithelium le quickly desquamated 

If a bacteriological examination is made, manv of the 
organisms of muco purulent conjunctivitis may be found 
In the pure phlyctenular cases only staphylococci are found 
m abundance Nov. staphylococci are not so common as 
might bo expected in the normal conjunctival eac , it has, 
therefore, been concluded that the disease is due to staphy 
lococcic infection If staphylococci are rubbed into a healthy 
or excoriated conjunctiva a transitory redness occurs and 
rapidly passes off Phlyctens have never been produced m 
this^manner The nearest approach to the artificial produc 
tion of phlyctens has been by injecting cultures of tubercle 
bacilli m which the organisms have been killed into the veins 
of rabbits Tt is doubtful if the mfiltrates were real phlyctens 
in these experiments, but it is certain that the administration 
of tuberculin has not infrequently been followed by an attack 
of phlyctenular conjunctmtis in the human subject On the 
other hand, the superficiaf position of the lesions and the 
analogy to other ulcerative conditions of the cornea favour 
the view that the disease is ectogenous in ongm the morbid 
agent being at present unknown Tubercle bacdh have never 
been found in the phlyctens 

Evidence has accumulated of recent years that phlyc 
tenular conjunctivitis is an allelic condition, i e , an abnormal 
sensii'uiTy to substances wdicd rfru uHtnnlJr innocuous , e g , 
pollen (hay fever), drugs, Ac (o p 182) ond bacterial proteins 
To the last group belong chronic allergic conjunctivitis, 
phlyctenular disease, and possibly sprin" catarrh (yu) In 
phlyctenular conjunctivitis it is probable that tuberculous 
toxins are the irntatmg factor (von Szili, Weekers), but it is 
possible that other proteins may be involved This view is 
supported by the frequent occurrence of eczema of the skm m 
phlyctenular disease 
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The imtation of the eye leads the child to rub it 
vigorously The lacrymatioii and rubbing cause an eczc 
matous condition of the skm, in which the staphvlococci 
normally present flourish and increase These arc rubbed 
mto the eye, mcreasing the irritation, without bemg prirannlv 
responsible for the disease Other organisms are aho 
rubbed in if they happen to be present , they find a suitable 
mdus in the debilitated conjunctiva, and an acute muco 
purulent conjunctivitis is superimposed upon the phlyctenular 
disease 

Simple phljrctenular conjunctiwtis is attended with few 
symptoms There is some discomfort and irritation associated 
with reflex lacrymation If there is no muco purulent com 
pbcation and if the cornea is not involved there is little or no 
photophobia 

Complications, however, are the rule, partly because the 
behaviour of the child conduces to them, partly because the 
favourite situation for the phlyctens is near the cornea Here 
they are often astnde the limbus It has already been men 
tioned that the epithelium of the cornea is closely associated 
anatomically and developmeutally with the conjunctiva It 
IS not surprismg therefore that (here is a great tendency for 
the superficial layers of the cornea to suffer when the conjunc 
tiva 13 disordered and this is seen par excfUe7ice m phlrc 
tenular ophthalmia The special comeal complications will 
be considered later (nde p 221) In all such cases lacrymation 
IS increased, muco-purulent dischai^e is often present, and 
photophobia is mtense 

The term photophobia light , fear , dread of 

light) IS a misnomer It is the term applied to the blepharo 
spasm which is set up by the conjunctival, or more probably 
corneal, irritation and which beromes greatly mcreased on 
the slightest attempt to separate the lids, especially if the 
attempt is made m bnght light This blepharospasm is not 
abolished m the dark , it is abolished by thorough application 
of cocame, though this is difficult to effect It must be con- 
cluded therefore that it is a reflex due to afferent impulses 
Hftv pllinj the fifth nerve, not aloi^ the optic nerve It 
has been said that light acts as the stimulus to the fifth nerre 
endmgs m the cornea There is little evidence to prove— 
though it IS not disproved — that light can stimulate the fifth 
nerve endings , at the same time the fact that sneezing is often 
produced by exposure to very bnght light may be adduced as 
a positive argument It is fax more probable that '* photo- 
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phobia ” IS due to a vicious circle of such a nature that move- 
ment of the lid over a spot denuded of epithelium, where the 
nerve endings are laid bare, causes reflex contraction of the 
orbicularis , this increases the irritation, increasing m turn the 
blepharospasm This view is supported bj the fact that there 
13 little or no photophobia until muco purulent conjunctivitis 
has supervened, when denudation of epithelium occurs, 
erposmg the nerve endings, wluch are further irritated by 
toxins 

Photophobia IS more intense when the phlyctens are near 
the cornea, than when at a distance It varies rather with 
their number than their sire, and is extreme if they are so 
numerous as to form a ring round the cornea 
Temporary blindness ^s been observed occasionally in 
children after long continued blepharospasm It passes off 
m two or three weeha and is probably functional, induced 
primarily by the desire not to see and facilitated by the effect 
of prolonged pressure upon the globe by the tightly closed 
lids 

Severe blepharospasm makes the greatest care m the first 
examination imperative The condition of the cornea is in 
all cases and at all costs to be placed beyond doubt It 
facilitates investigation if the lids are gently separated and 
a drop of 2 per cent cocaine instilled The child is left for 
5 to 10 minutes and the eyes are then examined with alJ the 
precautions previonslr desenbed (p 88) 

Phlyctenular conjunctivitis shows a very marked tendency 
to recur at intervals during the age period which is specially 
concerned These recurrences usually take place when some 
mtercurrent malady or defective condition in the patient’s 
surroundings leads to lowering of vitality, 

Treatmenl Simple phlyctenular conjunctivitis is usually 
readily amenable to treatment, which must be local and 
general 

Local treatment consists in bathing the ej^es frequently 
e?*’ ywJ.Wv xJ XPAnpi’x/ 

ointment gr iv — viii to ^ i, is used a piece the size of a 
hemp seed being placed within the lids three times a dav , 
the eye is gently massaged by a finger placed upon the upper 
hd, moving the hd upon the globe 

Ointments are best appli^ on a glass rod The child is 
placed upon its back on a couch and an assistant holds the 
arms against the body, kcepii^ the legs still by pressure with 
the elbows The surgeon separates the lids with two fingers 
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of One hand and places the end of the glass rod carrying the 
ointment between the separated lids Keeping the rod m 
position the lids are allowed to close upon its end and it is 
then withdrawn by carrying it outwards towards the temple 
The other end of the rod and the surgeon s other hand are 
for the other eye 

If there is any corneal complication or evidence of its 
imminence, atropine, gr iv to 3 1 , is combined with the yellow 
ointment 

Very frequently the soddeiung of the skm with tears and 
the wnnIJmg of the akin through blepharospasm cause excoria 
tions (rhagadffl) at the outer canthus They much mcrease 
the blepharospasm and should always be looked for and 
treated They are very troublesome unless attacked by 
cautensation They should be touched with the sharp point 
of the solid silver nitrate or the mitigated silver stick 
An efficient substitute for the yellow ovide which has fallen 
into undeserved disuse is finely powdered calomel dusted mto 
the eye best from a camel a hair brush which is not allowed 
to touch the eye It often produces a remarkable improve* 
ment m intractable cases but it must not be employed il 
iodides are being given internally under these circumstances 
the unstable and extremely imtatmg mercurous lodulo is 
formed in the conjunctival sac 
The blepharospasm IS best treated when severe in the follow 
mg manner The child s face should be plunged m cold 
water and the mouth and nose kept under water until he 
struggles for breath , this is repeated three or four times— 
daily if necessary The treatment is useless if not carried 
out ruthlessly hut no other method is so efficacious It is 
not uncommon for a single oppbcation to render further treat 
ment of the blepharospasm unnecessary 
Tlie eyes are not to be bandaged unless comeal ulceration 
is So severe as to assume the preponderant rile A shade 
cohering both eyes and extending well over the temples 
should be ordered Smoked glasses may be substituted but 
they should not be tightly fittmg goggles which will become 
soiled with the discharge and are cleaned with difficulty 
General treatment is never to be neglected othenvnse 
recurrence is inevitable Fre^h air is the best tome and the 
children should be kept out of doors as much as possible the 
windows of living and sleeping rooms must be kept open 
Sun or artificial light baths have proved very good and cold or 
sei baths are useful Good food with a plentiful supply of 
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fresh vegetables, is indicated A calomel purge should initiate 
the general rdgirae 

Cod liver oil and maltinc are given m the cool breather and 
throughout the year if well tolerated They may be alternated 
with preparations containing vitamins A and I) Phosphates 
and iodide of iron form substitutes or supplementary tonics 
Calcium in the form of calcium gluconate (3 i ter in die) has 
been ad\ocatcd 

General regime must be continued for a prolonged penod 
m order to prevent recurrence, and, m any case, phlyctenular 
ophthalmia should he regarded as a sign of debility which 
requires attention (wde p 223) 

Simple Chronic Conjunctivitis otenrs as a continuation of 
simple acute conjunctivitis, sometimes in spite of orthodox 
treatment, especially in the " gouty ” type of patient It is 
frequent vhen the cause of imtation is continuous — smoke, 
du'^t, heat had air, late hours, abuse of alcohol, and so on. 
A very common cause is the chronic reflex imtation induced 
by errors of refraction, overuse of the eye m bnght electric 
light, ic Permanent imtation from concretions [vide p 188) 
m the palpebral conjunctiva, misplaced lashes, dacryocystitis, 
chronic rhinitis, Lc , must be remembered and as far ns 
pos'sible eliminated Unilateral chrome conjunctivitis should 
suggest the presence of a foreign body retained m the fornix, 
or inflammation of the lacrymal sac It is often necessary to 
make a thorough and systematic investigation of the local 
aud general conditions before the cause can be found It 
IS not infrequently associated with chrome intranasal trouble 
The disease is too frequently regarded as trivial but it is a 
source of great discomfort to the patient, who is duly gnteful 
for permanent relief 

Burning and gnttmess are complained of, especially m the 
evening when the eyes often become red Difficulty m keeping 
the eyes open is a common symptom The hda may or may 
not he stuck together on waking 
T)ie discharge is slight, most frequently subnormal, so that 
the edges of the lids feel hot and dry 
The eyes may look quite normal on first exainma- 
tion When the lower hd is pulled down the postenor 
conjunctual vessels are seen to be congested, and the 
surface of the mucous membrane is sticky The palpebral 
conjunctiva, upper and lower, maybe congested, with vehetj 
papilliform roughness Occasionally it is succulent and fleshy 
Treatment consists m eliminating the cause and restoring 
the conjunctiva to its normal condition Errors of refraction 
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and chrome na«al catarrh are perhaps most Ijlely to be 
forgotten , they should be sou^t out as a matter of routme 
^Vben heat is a prominent setiological factor, eg, in cooks, 
apectnim blue glasses may be ordered, smee th y cut o2 the 
heat rays to a large extent The treatment of the special 
local conditions mentioned above will be discussed m their 
proper place A gouty tendency should be treated by an 
appropriate regime 

Local treatment consiata essentially m dunmi^hing conges 
tion and restoring the conjunctiva to its normal suppleness 
and secretory activity It must be remembered that the 
condition is largely one of lack of tone due to defective 
response to prolonged imtation A stimulatmg treatment is 
therefore mdicated, and is suppbed by astringent applications, 
which not only act by relievmg the congestion, but also 
promote a more healthy lymph flow and glandular secretion 

In mild cases weak astringent lotions sufBce, e ff , bone 
lotion with zinc sulphate gr i — ii to 5 i , alum lotion, 
gr iv to ^ 1 They should be used two or three limes a 
day, not immediately before gomg to bed Adrenaline has a 
transient efiect m diminisbmg redness and itching Boric 
acid ointment or sterile vaselme should be applied to the 
margins of the lids at bed time In recalcitrant cases mcKury 
oxycanide (1 m 5 000) may be used, followed by zinc sulphate 
lotion at a later stage 

In severer cases a preliminary pamtmg witb silver nitrate 
solution IS mdicated, repeated once or twice a week if necessary, 
or the milder protargol (5—10 per cent ) may be used Silver 
preparations should not be ordered for application at home, 
smee prolonged use may lead to staimng of the conjunctiva 
(argyrosis) 

Atropine, which is always resorted to by the inexperienced 
in intractable diseases of the eye, does much more harm than 
good It causes great mconvemence from paralysis of accom 
modation and has little effect upon the conjunctiva, such as 
it has being deleterious Apart from this it is extremely 
dangerous m elderly patients, who are specially liable to chronic 
conjunctivitis In them more than in others, there is grave 
danger that atropine may induce an acute attack of glaucoma, 
a disaster which it is impossible to overrate 

In the more severe cases of chronic conjunctivitis there 
IS often an abnormal amount of secretion from the Weibomian 
gland®. This should be squeezed out of the glands bj pressure 
on the hd with the thumb against a spatula laid upon the 
conjunctival surface 
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Angular Conjunctmtis {Syn—DiplohaciUary Conjvnctmhs) 
!3 oDft o( the few forms in ■ahich a specific ojg'inisni causes 
a typical clmical picture In it the reddening of the con 
jiinctiva IS limited almost exclusively to the inter marginal 
strip, especiallv at the inner and outer canthi, and to the 
bulbar conjunctua m the same neighbourhood Beside*: 
the conjunctivitia there is also exconation of the skin at 
the inner and outer angles, which may be very slight a mere 
«curfiness, but is neirly always present After a few cases 
ha% e been seen the typical picture is very eag^ to recognise 
but the condition is not always typical There is discomfort, 
with slight muco purulent discharge blinking is often 
complained of Not infrequently there is nasal catarrh and 
diplobacrlli are foimd in the nasal secretion If untreated 
the condition becomes chronic and may give rise to definite 
blepharitis Clear shallow comeal ulcers may occur hut 
arc rare They are usually marginal, but may be central and 
associated hypopyon (wdc p 214) A single attack 
does not confer iramumty and relapses are not uncommon 

Pat/tolojff Thedisease 
18 duo to the Morax 
Aitenfeld diplobacillus 
(Fig 105) The bacilli 
consist of pairs of large, 
thick rods placed end 
to end They stain well 
with basic stains, are 
decolourised by Gram 
and are easily recognised 
in films There is an 
incubation period of four 
days The diplobacilli 
are strongly resistant to 
drying Tliey ba\ e been 
found in the nasal tract 
of healthy persons and 
are often present in the nasal discharge in cases of angular 
con)unctiviti« 

Trcalmatt DiplobaciIIary conjunctivitis responds readily 
to zinc salts These may be applied in thq form of bone 
lotion with zinc sulphate gr n to ^ i , or as drops, preferably 
the former It is not known how zme salts act m these cases 
for the diplobacillus will grow in cultures contammg them 
Bone, zinc oxide, or ichtiiyol (2 — 5 per cent ) omtment is 
applied to the lids at mght 
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Follicular Conjunctivitis occurs frequently in children and 
young adults, botK eyes being affected It is characterised 
by the formation of small round or oval translucent bodies, 
I mm or 2 mm in diameter, m the lower fomut (Plate IV 
Fig 2) , they are less commonly seen m the upper fomiT, 
especially near the outer and mner canthi, never on the plica 
semilunaris or bulbar conjunctiva They are raided aboie 
the surface, are often arranged m parallel rows, and consist of 
localised aggregations of lymphocytes — follicles, sometime's 
wrongly termed granulations — m the sub epithelial adenoid 
layer 

Microscopically folhcles are mdistmgmshable from the 
solitary lymph patches m the mtestme, and often also from 
the folhcles of trachoma (j v ) They do not occur m the 
normal conjunctiva m man The conjunctiva is not reddened 
or swollen They persist for an mdefinite time, causing few 
symptoms, and disappear without leaving any trace, such as 
«camng (cf Trachoma) 

FoUiciUar conjunctivitis is usually due to overcrowding and 
living in badly ventilated rooma, especially scboolrooin* but 
also occurs among better class school children Isolated 
follicles may occur in the outer part of the lower fomu m any 
chrome conjunctivitis of long standing They may be due to 
over use of stropme or eserue (vtJe p 184) The children are 
seldom robust and adenoid vegetafrons m the throat, which 
are of a similar nature, are often present The disea‘;e is 
probably not contagious, and never develops into trachomn 
as baa been held by some observers 

The symptoms are slight, consistmg chiefly of slight 
rmtation of the eyes, worse m bnght lights and after near woti 
Treatment FoUicular conjunctivitis "eldom requires local 
treatment A weak astnngent lotion may be ordered and 
yellow oxide of mercury mtroduced withm the lids once or 
twice a day If the folhcles are very large paintmg with 
Sliver mtrate solution will do good , smgle fo^cles may he 
touched with the alum pencil Atropme, if m use, should be 
stopped or replaced by an equivalent mydnatic {vide p 184) 
Special attention should be directed to the refraction, and 
any errors corrected 

The nose and throat should be investigated and the general 
health and surroundings put upon a sound basis 
Trachoma (Syn — ffranufor ConjMnrfinhs) is a much more 
serious form of folliculosis, which is responsible for the blinding 
of enormous numbers of people in places where it is endemic 
Both eyes are almost always affected It may be stated at 
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once that m England it is a tare disease except vfbere large 
numbers of Irish or aliens are herded together 
In making a diagnosis the relative frequency of various 
forms of disease should alvtays bo borne in mind It is a 
truism, but it is often disregarded, that an unusual type of 
case la less likely to be a rare disease than an unfamiliar 
manifestation of a common one A better class child with 
follicles in the conjunctiva ja most unlikely to be a case 
of trachoma, whereas, if the child goes to school in the East 
End of London, where there ate large numbers of tracho 


matous aliens, the distinction of follicular conjimctivitis from 
trachoma becomes a matter of great difficulty 
The changes met with m the conjunctiva m trachoma 
are of two types, which ate often present simultaneously 
The fapillary type is not specially characteristic , it is 
usually a more definite form of the papillary enlargement 
and congestion which is met with in other severe forms of 
conjunrtmtis The conjunctiva covering the upper tarsus is 
most affected, and appears red and 
telvcty This condition may pass „ 
into one nth more uniform jelly t 
like thickening Only m the com 


paratively infrequent cases m which 
no follicles can be seen will the true 
disease pass wholly unsuspected 

The follicular type (Tig lOG) 
manifests itself in the presence of 
follicles in the coniuncliT» men loo -TrsiUom^ 

small they cannot be distingmshea (Aftisr\eitlMhip),8how 

from the follicles of follicular con- mg tracioina foitdes 

junctmtis, nnd microscopical ex- *4,, Sw^iTlI 

amination shows that they are ibecdseortUeM 
fundamentally identical They 

often, however, assume a size and appearance which is 
seldom or never seen m foHicular conjunctivitis, but 
they differ most in having a charactenstic distribution 
The large follicles may be 5 mm or 6 mm m diameter 
They are translucent and look like grams of boded sago 
("sago grams") 

The follicles usually commence m the lower fonux, but in 
most cases they quickly appear in the upper also Unlike 
what obtains m follicular conjunctivitis, they are not limited 
to the formces They often form a row along the upper 
margin of the upper tarsus, whaace they invade the palpebral 
conjunctiva, appearing upon the tarsal surface, though they 




'Id ICO — Troclioma. 
(After 'NeltlMhip), show 
mg trad oma foihdes 
aad scar m typical 
position parallel with 
the edge of the lid 
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are less numerous m this situation They are common about 
the caruncle and may be seen on the plica semilunaris 
Follicles do not occur on the upper tarsal conjunctna m folh 
culat conjunctmtia except at the inner and outer angles 
They are very rare on the bulbar conjunctiva but when seen 
here they are pathognomonic of trachoma 

The disease is very chronic and leads to much imtation, 
photophobia lacrymation, ic , with some muco purulent 
discharge In certam districts abroad trachoma is endemic 
and a very acute form is observed It is very doubtful if 
true acute trachoma is ever seen m England whit usually 
pa'soes for it is of quite different ongm It is due to the 
lowenng of resistance of the trachomatous conjunctiva 
whereby it becomes specially liable to mtercurrent attacks 
of other forms of acute conjunctivitis This is facilitated by 
the imtation which leads to rubbing of the eyes so that 
contamination is readily brought about The so called acute 
tracloma met vnth m England is therefore chrome trachoma 
upon which an acute muco purulent or purulent conjunctivitis 
his been engnfted Even m Egypt the acute symptoms are 
most often caused by the Morax Axenfeld diplobacillus, the 
Koch^^eeks bacillus or the gonococcus (lll'icCalhn) 

Trachoma is au extremely contagious disease Pathological 
anatomy reveab nothing coaractenstic there is lymphocytic 
infiltration of the whole of the adenoid layer of the parts of the 
conjunctiva affected Special aggregations of lymphocjies, 
without a defimte capsule form follicles which are generally 
indistinguishable from those of folhcular conjunctivitis In 
late stages and large follicles the stroma and cells tend to 
become h} aline and gelatinous, eometimes the surface 
becomes broken and the contents are extruded into the con 
junctival ®ac In other cases a fibrous capsule forms around 
the follicles which thus become isolated more and more 
fibrous tissue is laid down, giving nse to acntncia] bands such 
as are never formed in follicular conjunctivitis, and are very 
chara'^teristic 

ISoguchi isolated a bacillus granulosus from the trachoma of 
Red Indians which when inoculated into monkeys produces 
follicles in the conjunctiva very similar to the foUicIcs of 
human trachoma it is probably not the cause of the disease 
The ‘ trachoma bodies ' described some years ago are not 
pathognomonic smee such cell inclusions are very common m 
virus diseases of plants and animals They suggest strongl} 
that the disease is due to a virus, or Pickettsia especially as 



DISEASES OF THE CONJUNCTIVA 


177 


they are transmisgible to lice (Cuinod and Nataf). Inclusion 
bodies in scrapings from the conjunctiva are therefore of 
some diagnostic importance. 

Trachoma is endemic in many parts of the world, e Russia, 
Poland, East Prussia, partsof Austria-Hungary, Egypt, Sj^ia, 
Persia, China and Japan It shows a predilection for certain 
races, e ff., Irish, Jews, but it is not a racial disease ; the pre- 
dilection depends upon the mode of life of the indtuduals. 
Extended observation miiitates against the view that any 
race is exempt, though it is nncommon among negroes. 

The disease flourishes among people who are crowded 
together in unhealthy rooms — in armies, navies, asylums, 
workhouses, schools, &c. — wherever the lower classes are 
herded together. Children and debilitated adults ate most 
susceptible, but the robust are not exempt It is commoner 
m low-lying, damp districts. 

The disease ts spread by transference of coujunctis'al 
secretion by means of fingers, towels, &c The presence of 
much discharge, whether of true trachomatous ongm or 
duo to intercurrent conjunctivitis, increases the liability 
to contagion. On the other band, scrupulous cleanliness 
suffices to prevent the extension of 
the disease to healthy subjects. 

Trachoma in the early stages may 
be easily mistaken for a simple 
chronic conjunctmtis This error 
Will be avoided if it be made an in- 
variable rule in all cases of con 
juDctivitis to evert the upper lids and 
examine the upper foruices {vtde 

p.80). 

Coinplicaifons. Wliile trichoma 
very tardy affects the bulbar con- 
junctiva, It not infrequently attacks 
the cornea. 

Trachomatous pannus is a lymphoid infiltration, with vascu- 
larmtion, of the margin of the cornea, usually limited to the 
upper half (Fjg. 107), but tending to spread towards the 
centre and to involve the whole cornea. The upper part of 
the margin of the comen becomes cloudy, and minute super- 
ficial vessels, springing from the comeal loops, grow inivards 
towards the centre, lue hazinCBs and vasculansation increase 
until the upper half of the cornea is affected. The vessels are 
all superficial {vide p 90), and microscopic examination has 
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shown that they he at fiiat between Bowman’s membrane and 
the epithelium They carry m with them a small amount of 
granulation tissue In later stages Bowman’s membrane 
disappears and the superficial layera of the substantia propna 
become involved 

In progressive pannus the \ easels are mostly parallel to each 
other and directed % ertically downwards, anastomosmg little 
They extend to a level which forms a horizontal Ime, and 
beyond this line there is a narrow stnp of infiltration and haze 
In regressu e paimua, on the other hand, the vessels extend a 
short distance beyond the area which is infiltrated and hazy • 
this difference is useful m estimating the results of treatment 

In more severe cases the \ascularisation is not limited to 
the upper part, but superficial vessels grow m from all sides 
and the vhole cornea becomes vasciilansed and opaque 

Pannus is not due to the rough upper lid rubbing upon the 
cornea This is doubtless a pr^isposmg factor, but in man) 
conditions in which the fids are rough from some other cause 
pannus does not occur It is not due to continuity, smcc the 
bulbar conjunctiva from the limbus to the fornix is unaffected 
It is induced by contiguity, probably by direct infection and 
this part of the cornea is most affected because it is cohered by 
the hd both da) and night 

It may resolve completely, leaving the cornea quite cleat, 
but only m cases treated early, when the vessels have not yet 
destroyed Bowman’s membrane In other cases a permanent 
opacity results Occasionally the comeal substance becomes 
weakened so that the cornea bulges under normal intraocular 
pressure and ectasia follows (keratectasia) 

Corneal Ulcers are commonest at the advancing edge of the 
pannus They are shallow, little infiltrated, and very irritable, 
causing much lacryraation and photophobia Indolent central 
ulcers may form, or there may be ulcers in any part of the 
cornea, but especially oa er the pnonous area 

SequelcE Apart from the reaults of pannus and comeal 
ulceration the most malign effecta of trachoma are caused by 
distortions of the lids A peculiar drooping of the upper lids 
IS very charactenstic {trachomatous ptosts) It gives a sleepy 
appearance to the patient There is always some scarring 
(Fig 106), and vhen this is extensive the shape and position 
of the lids, especially the upper, are altered. Pressure on the 
everted upper lid will cause the appearance of white bloodless 
areas which may be mistaken for trachomatous scarring 
They are easily distmguished by relieving the pressure 
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Through the great swelling of the conjunctna the lids may be 
turned outwards (ectropion) In the late stages the follicles 
invade the tarsus, causing softening and absorption of the 
dense fibrous tissue , through the later contraction of the new- 
fonned scar tj'?sue the hds may be turned inwards (entropion), 
causing the lashes to rub against the cornea (trichiasis), Lc. 
(5eeChap XXXI) 

Treatment If there is much discharge the case must first 
be treated with a view to diminishing it and reducing con- 
gestion The hds should be painted once daily with silver 
nitrate solution , sublimate lotion should be thoroughly used 
three or more times a day, and bone ointment applied to the 
edges of the hds at bed time 

In a few days the conjunctivitis will be much less, and an 
attempt must be made to get nd of the follicles In relatively 
slight cases this is best efiected by scouring the conjunctiva 
with a smooth crystal of copper sulphate The ciystal la 
fixed in a wooden holder and w pointed at the end The Iida 
are everted, and the point of the copper stick is pushed well 
up into the upper fornix and moved from one side to the other, 
the hd being lifted away from the globe by the stick during 
tile manccuvre so as to avoid touching the cornea The stick is 
then rubbed firmly over the whole of the palpebral conjunctiva 

The application of the copper stick is very painful, especiallv 
during tne fimt few applications Pantocam may bo previously 
instilled, but it docs not prevent the intense smartmg It is 
important to start with the upper fornix, since this is most 
aCected and most difficult to reach, if it is not dme first 
blepharospasm and the struggles of the patient will make it 
impossible afterwards It is useless to apply copper too 
gently, it must be firmly rubbed into the conjiinctii a. Some 
of the sulphate dissolves in tbe tears, and should he mopped 
up with a pad of dry wool, since it is very imtatmg to the 
cornea Pannus is no contra indication to the use of the copper 
stick, but quite the reverse , copper sulphate applied to the 
hds IS tbe best treatment for pannus Tbe pannus it«elf is not 
(JreirtW drwAY (t a-iV dams’, lubm- Auiv 

of any kind or degree is an absolute contra indication , m these 
cases, e^en if pannus is present, reliance must be placed on 
silver nitrate until the ulcers are healed Unfortunately silver 
bag little specific influence over the trachomatous process 
whereas that of copper is undoubted 

The copper stick must be applied once daily, otherwise 
the case is certain to run on indefinitely Sublimate lotion 
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IS ordered for home use as before Active treatment should 
be earned out for many weeks and should be contmued for 
se\ eral weeks after apparent cure In the later stages copper 
sulphite drops (gr i ad ^ i ) or copper sulphate (1 per 
cent ) or copper citrate (10 per cent ) ointment may be u«ed 
Sulphanilamide (ude p 693) taken by the mouth m full 
doses mamtammg a concentration of 5 mgm per 100 c c 
of blood for ten to fourteen days has been 
found beneficial In some cases blepharo- 
spasm has been relieved withm twenty four 
hours and inclusion bodies have disappeared 
m three days the bulbar conjunctiva 
becomes white in a few days pannus is 
reduced and comeal ulcers may be healed 
in a week Relatively avascular lymph 
follicles however persist and are ah 
sorbed slowly 

In roust cases of trachoma the treatment 
advised will suffice to bring about that 
condition of amelioration which is usually 
desenbed as cure Relapses are common, 
occuTing sooner or later accordmg to the 
length and assiduity of treatment 
In severer cases more dnstic remedies 
must be emploved Probablv the beet of 
the stronger applications i3 a concentrated 
solution of perchlonde of mercury in gly 
cenne It has been used as strong as 4 
per cent , m these circumstances it 
acts as a caustic It is painted on the 
fomix and everted lids This treatment is 
almost unbearably painful and is followed 
by mtense reaction the conjunctiva and 
lids becoming enormously swollen The 
pim lasts for several hours gradually 
dimmi«hing in intensity Ice or Imt wrung out m iced water 
should be applied to the lids immediately after the appbcation 
There is no doubt that much benefit is derived from the 
treatment 

The follicles may also be destroyed by touching them with a 
solid stick of carbon dioxide snow Care must be taken to 
allow the tissues to thaw before the everted lid is replaced 
\ rays and radium have also been used but do not give 
better results than the orduary treatment 
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When the follicles are numerous and very prominent tho 
treatment is shortened by attacking them mechanically This 
may be done by various forms of scarification or expies® on 
In performing any operation upon trachomatous patients pro- 
tective goggles must be worn by the surgeon and 
the immediate attendants 

The conjunctiva is first thoroughly ansesthe | 11 if 

tized Scarification may be performed by a k ^1 Jj 
knife, needle, sharp spoon or stiff toothbrush iHlftliff 
The follicles may also be destroyed by the | l\ I 
galvano cautery or by electrol^'sis ill' 

In expression one of the many forms of 1 R | J | 
ciqiressor is used — eg Graddy’s forceps (Fig i 
108) Knapp’s roller forceps (Fig 109) The \/JT 
upper lid 13 everted, and one hmb of the forceps f 
is pushed lip into the fomix, the other being .-i t***! 

laid upon the palpebral conjunctiva The tiro 
limbs are then pressed together with modente 
force and are ^vm m a horizontal direction 
from one end of the fold to the other The •. 

fold of the fonux should m this manner be UCS 

thoroughly mangled, and all the follicles 
squeezed out Some recommend the imiDediate | 
application of silver nitrate or sublimate solu I )(^ 
tion (1 m 2000} but it is best simply to apply | ijM 
cold compresses, since there is always consider lit*"* 
able reaction 0!^ 

If the follicles m the upper fonux ate very 
large and closely packed it is wcU to commence 
treatment by excising the fornix There is 
alirays a rcdundauco of tissue here, and no 1^ 
evil results ensue The upper lid is everted It" 
doubly (tnde p 81) so as to eijiose the retro 
tarsal fold completely Asdk suture is then passed 
through the fold at each end By dragging on the 
sutures the whole fold is drawn out It is wt s er 
thsa sxeiseH with sas^cas IS the faissJ pJafe Fsa J Oil — 
IS much diseased or distorted it abo may be 


Pannus reqiures no special treatment but if it fails to respond 
a fentomij may be performed In this operation a collar of 
conjunctn a, 5 mm broad, is excised round the corneal margin 
The raw surface of the sclera should be seared uiththe galvano 
cautery, the object being to destroy the vesseb and prevent 
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their reformation Comeal ulcers must be treated on general 
pnnciples {vide p 204) 

Hygiemc treatment must be earned out so far as practicable 
The mfiux of aliens into the East End of London made trachoma 
a serious menace to our own population the enforcement of 
the Aliens Immigration Acts has greatly reduced the prevalence 
of the disease in England 

Trachoma, then known as Eg3rptian ophthalmia, was spread 
far and wide m Europe by the French armies dunng the 
Napoleomc wars Brilliant success attended the efforts to 
deal with trachoma among the C3unese labourers during the 
Great War, and not only was there no dissemmation of the 
disease, but most of the cases were alleviated or cured 

Inclusion Blennorrhaa has been regarded as a modified form of 
traclioma but this is improbable It is an acute follicular con 
junctivitis caused by a virus disease, as shown by the presence 
of inclusion bodies and by the transference of the disease bj the 
filtrates of emulsified conjunctival scrapings through a fine 
Betkefeld filter It is the cause of stnmmtK^ balk conjuncintiis 
but IS also found m inmates of schools, as)lum« d.c Its occur 
rence in cases of ophthalmia neonatorum and the presence of 
mclusion bodies m urethral and vaginal discharges suggests a 
genital origin 

Tubercle of the Conjunctiva is rare it nearly always pro 
duces ulceration Con 
junctn al ulceration 
should always suggest 
either the presence of 
on imbedded foreign 
body or a tuberculous 
or syphilitic lesion 
Tubercle occurs m 
se-N eral forms (1) small 
mihaty ulcers usually 
on the palpebral 
conjunctiva, (2) 
granules on the 
palpebral conjunctiva 
resembling trachoma 
follicles (Fig 110) , (3) 
gelatinous cockscomb 
like excrescences on tbe foimccs , (4) polypoid pedunculated 
outgrowths , (5) a sohtary nodule near the limbus which mav 



FiQ 110 — ^Tabercloof theconjnnctiva 
(After Eyre ) 
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become infected with pyogemc o^nisms and ulcerate Occa- 
sionally tubercle attacks the bulbar conjunctiva elsewhere, 
and the conjunctiva may be aflectcd by extension o! lupus 
from the face These cases must be distinguished from those 
with secondary extension of tubercle from withm the eyeball 
(mdepp 2)G, d40) Infection is generally endogenous 

The pteauricular gland is often enlarged and may suppurate 
The disease is chrome, and the ulcers arc indolent The 
patients are usually young, and often free from climcal signs 
of active tuberculous disease elsewhere m the body There is 
little doubt that the lesion may be the primary scat of tubercle, 
the bacilli being inoculated into minute abrasions, which art 
probably always present m the conjunctiva, caused by dust 
There is little pain or irritation unless the ulceration is 
extensive 

It 13 not improbable that the second type is frequently 
mistaken for trachoma, and it » possible that it is cured by 
the treatment founded on the wrong diagnosis I have seen 
cockscomb tubercle m the lower fornix associated witli 
tuberculous disease of the lacrymal sac in a child 

Paihohgy Scrapings may show tubercle bacilli Sections 
show typical giant-cell systems In doubtful cases inoculation 
experiments should be made If a piece of tuberculous 
tissue is introduced into the anterior chamber of a rabbit’s eye 
a typical tubercidous iritis will ensue in two or three weeks 
Intraperitoneal inoculation of guinea pigs is more ‘satisfactory 
Dermal tests or injections of tuberculin may be tried 

Treatment The disease should be eradicated, more espe 
cially as being often the pnraaiy focus The affected conjunc 
tiva should be excised, or if this is not feasible, thoroughly 
scraped and cauterised 

Injections of tuberouhn have given encouraging results, and 
subconjunctival injecticns of 2 per cent guaiacol cacodyJate 
may bo employed The application of 50 per cent solution of 
lactic acid has been advocated Genernhsed ultra violet ray 
therapy is certainly beneficial 

■ E rtensnm ta tta giViy isr rwiV II pitnbngyu’ 

trcatmentfails and the disease spreads it may be necessary to 
excise the eye 

Syphilis manifests itself rarely in the conjunctiva m the 
form of a primary chancre, whiw is less indurated than the 
ordinary genital chancre, or gummatous ulceration In the 
former case it may be due to the removal of a foreign body 
with the tongue Ulceration of the palpebral or still more of 
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the bulbar conjunctiva is always suggestive of the condition 
Scrapings should be taken and examined for spirochiEtes, and 
the Wassermann test should be applied {xtde p t>20) A 
primary chancre of the palpebral conjunctiva may be wrongly 
diagnosed and treated as a chalazion (vide p 622) 

Conjunctivitis caused by Drugs (Atropine Irr tation, &c ) and 
Irritants Some people are particularly susceptible to atropine, 

and more rarely to eserine and other drugs, locally applied to 
the conjunctiva The lids become swollen, tense, and red, m 
fact erysipelatous Examination of the conjunctiva will often 
show follicles, and even rarely a membrane The cause is 
obscure, but seems to be allied to anaphylaxis sometimes the 
condition seems to be due to a special solution or brand of the 
drug, owing to some impurity Workers with chrysophimc 
acid suffer from conjunctival irritation, and prolonged internal 
admimstration of arseruc causes the same effect The dust of 
teak wood is particularly irritating to the conjunctiva Con 
juuctivitis 13 also caused m some people by contact with horses 
or cats, or certain flowers, especially Pnmula o^omea 
A chip of andme pencil m the eye causes considerable 
irritation and unsightly staining 
Malingerers sometimes induce conjunctivitis by the insertion 
of tobacco, ipecacuanha powder, Ac into the eyes The 
irritation is most marked in the lower fornix, and usually the 
right eye is affected in ngbt banded people 
Treatment In atropine irritation tho drug should be avoided 
If a mydriatic is imperative, some other should be substituted, 
e g , duboisine sulphate, 0 5 per cent , scopolamine hydro 
bromide, 0 25 per cent to 0 5 per cent , or hyoscine, 0 6 per 
cent , may be used but toxic symptoms sometimes o cur 
Subconjunctival injection of mydricain (vide p 692) may 
be used witb impumty in these cases Atropm© irritation 
has been cured m some cases by instillmg adrenaline (1 in 
1,000) drops, moistemng the skm of the hds with this solution, 
and subsequent application of zmc oxide ointment (Wolff) 
The conjunctiva soon recovers after cessation of the cause, 
but astringent lotions accelerate the cure 

Anili ne dye staining can be removed by washing out with 
weak alcohol solution and instillation of weak glycenne drops 
(Werner) 

Action of Caustics See p 430 

Poison gases used in warfare indude lacrymatory gases, phos 
gene, mustard gas, and other secret agents 
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The lacvjjmtonj gaie4 molud© K S K (ctbyhodoacetste), BBC 
{broiDobenzylcyamde) and CAP (diloroacetophenone) They 
cause immediate irntation oi the eye% protase laciymation and 
blepharospasm The conjunctna is injected and swollen, but 
there 13 no in\ol\cment of the cornea The symptoms disappear 
in a few hours, and the eyes respond well to lavage with bland 
lotions Chlorine, phosgene, arsenical compounds and ‘ smokes * 
also cause conjunctival irritition 
Aluslard gas (dichlorethyl anlphidc) usually produces ocular 
symptoms after a latent period of from 6 to 8 hours, and is 
effective when very dilute U JO 000 000 m air) The seventy 
of the attack depends upon the conccntratioii and the length of 
time of exposure Tlie lesions arc slowly progressive, and there 
1 $ marked delay in liealmg, analogous to X ray burns In mode 
lately severe cases the conjunctiva is congested and swollen in 
the interpalpebral area Functional blepharospasm may persist 
after all inflammatory signs have disappeared, and fear of blind 
ness may delaj convalescence In more severe tases the inter 
palpebral xonc of conjunctiva is uhite from coagulated exudate 
and chemotio conjuuctiva bulges forwards from tbc formers 
The lids are ewoUgq and stuck together by discharge The cornea 
is stippled ( ' orange skin ’ cornea), with cedematous and 
roughened epithelium, and corneal sensation is diminished , or 
the interpalpebral strip maj necrose The pupil is constricted 
Secondary infection niaj lead to ulceration, hypopyon and pan 
ophtliahmtis Chest complications and an onxiety neurosis may 
delay convalescence Severe coses (about 10 per cent ) require 
2 to 4 months’ treatment before returmng to duty, and quite a 
number of them break down with recurrent corneal ulceration 
several years later 

The treatmcTit of conjunctivitis caused by hcrymitoey gases is 
irrigation with bland lotions — normal sabne, bone or sodium 
bicarbonate (2 per cent ) The eyes should not be bandaged, but 
dark glasses used 

In mustard gas injuries the lids should be gently separated, the 
cornea inspected and the patient assured that he is not blind 
Tlie eyes are irrigated with warm sodium bicarbonate lotion and 
cod liver oil drops instilled dark glasses arc worn and vaseline 
ointment is applied to the lid margins at night If the cornea 
IS hazy, or stains with fiuocescem, atropine (1 per cent ) 
should be instilled twice daily, with the same precautions as 
described for hypopyon ulcer (nde p 214) Sulphonamides may 
be given by the mouth if there ts severe secondary infection 
Tarsorraphy maybe nccGfloary in some cases It is very important 
to combat the neurasthenia by appropriate means At o later 
stage contact glasses afford protecti*'** *»' 
vision 
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Spring Catarrh (5yn — Vernal Conjunciivtlis) This is a recur 
rent conjunctivitis occamng with the onset of hot weather anrf 
tbetefore rather a summer than spring complaint It is found in 
young people, nearly always boys, associated with the usual 
symptoms of mild conjimctmtis Burmng, itching some 
photophobia, and laerymation are the chief symptoms Both 
eyes are affected In the cooler months the condition subsides 
and gives no trouble, but recurs with the return of heat The 
diseace is met with among all classes, is sporadic and non<on 
tagious It has been attributed on insufficient grounds to 
the action of the actinic rays of the spectrum It is more 
probably an allergic condition, as indicated by the accom 
panpng eosmophilia 

Two tjpea of obicctive signs are met with (I) the palpebral 
form, (2) the bulbar 
form both may 
be combined, but 
this IS rehtivelr 

form 15 easily 
recopised if 
typical Oneverting 


mapjied out into 
polygonal raised 
areas not unhle 
cobble stones (Fig 
Flo 111 — ThepalpebralformofspnQgcstarrb colour 

13 bluish white, like 

null, and this appearance is seen al«o over the lower palpebral 
conjunctiva 

The flat topped nodules are hard, and consist chiefly of dense 
fibrous tissue but the epitbebum o\er them is thichened giving 
rise to the milky hue In >ertical section they resemble circum 
vallate papiUiE Eosmophile leucocytes are present in them in 
great numbers and are found m the secretion. 

The palpebral form cannot be mistaken if typical but it may 
resemble trachoma The type of patient, the milky hue, the 
freedom of the fornix from impbcation and the characteristic 
recurrence m hot weather will usually prevent mistake 

The bulbar form is less charactenstic In it there is a wall of 
thickemng at the limbus, more gelatinous in appearance and also 
milky It mav be mistaken for phlyctenular conjunctmtio 


the upper lid the 
palpebral conjunc 
tiva is seeu to be 
hynertronlaed and 


rare The palpebral 
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Iq both foims the lesions persist dnnug the cold months, though 
they are less marked 

Serious complications never supervene and the ultimate prog 
nosis 13 good, though recurrences may persist for •'everil years 
Occ isionallv a peculiar corneal opacity, resembling arcus iscnthsin 
having a clear zone betvNeen it and the litnhus, is left, and some 
thickening and discoloration of the conjunctiva may remain 

Treatment is purely symptomatic Well fatting goggles with 
tinted glass should be worn The irritation is best relieved by 
very weak acetic acid, gt i to 5 in Adrenaline gives temporary 
relief Gentle massage with the upper Ud after application of 
yellow oxide of mercury ointment or 1 — 2 per cent guaiacol 
ointment is beneficial Astringents are harmful boroglyccride 
has I een recommended, with arsenic mtemally The application 
of lU miHigrams of unscreened radinm rays), held by a layer 
of varnish m the shallow trough of a monel metal spatula shaped 
for insertion under the upper lid, at monthly intervals during 
February, Ifarch and April, ecems to be of value m preventing an 
attack, but does not cure the disease Bxcision of the nodules, 
sometimes advised, seems to be useless The general health 
should be attended to, and adenoids and enlarged tonsils, if 
present, removed 

Ophthalmia nodosa is a nodular conmnctmtis which may be 
mistaken for tubetcl^pseudo tuberculous disease of the con 
junctiva It 13 due to the irritation of the hairs of certain cater 
pillars, and therefore always commences in the late summe* 
months Small eemittanslucent, reddish, or yellomsh grey 
nodules are formed in the conjunctiva and sometimes m the ins 
On microscopical examination hairs surrounded by giant cells 
and lympiiocytes are found 

TreatmeTit The nodules in the conjunctiva should be excised 
Otherwise the condition is treated on general principles 

Pannaud's Conjunctivitis may be mistaken for tubercle or 
trachoma Usually one eye only is affected. Granulations 
occur on the tarsal conjunctiva or fomices, and the preauncular 
and submaxillary glands are enlarged and may suppurate The 
disease commences with slight constitutional disturbance and may 
last for mouths It has been attnboted to bonne tubercle and 
to a loptotbrix (Vethoefi) 

Pemphigus of the conjunctiva is a rare but very serious 
disease Vesicles occur, but more commonly greyish white 
membraneous patches Progressive cicatnsation of the conjunctiva 
follows, leading eventually to essenitat shrinking of the conjunctiva, 
with consequent opacification of the cornea from malnutrition 
Vesicles may be found in the nose, mouth and pharynx, but rarely 
in the skin Treatment, such as transplantation of mscous 
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membrane is unavailing Contact glasses applied with patolein 
give some lekel and improve vision 

Electric Light Ophthalmia (Photophthalmia) The ultra 
violet raj’s of the electric light maj cause extreme burning 
pam, lacrymation, photophobia, blepharospasm and swelling 
of the palpebral conjunctua and retrotarsal folds There is 
always a latent period of four or fi\e hours betiveen the expo 
sure and the onset of symptoms The condition is generally 
caused by the bright flash of a short circmt, but may result 
from exposure to a naked arc bght, as has happened, for 
instance, m cinema studios It is rarely due to exposure to 
enclosed arc or other lights since the glass globe absorbs the 
most deleterious of the ultra nolet rays Dosmopbile leu 
cocytes are increased m the secretion 

Treatment Cold compresses, dark glasses, and astnngent 
lotions 

Snow Blmdness The cause and symptoms of snow blind 
ness are the same as of electric Iigbt opnthalmia, nz , expo 
sure to ultra violet rays, especially from 311 fifi to 290 fi/x, an 
nnusualty la^e percentage of which is reSected from *novr 
surfaces Smoked or orange tinted glasses should be used as a 
prophylactic measure, and they are most efficacious wheQ 
made nith Crookes 3 glass ((u/« p 148) The treatment u the 
same as for electric bght ophthalmia 


DEOEXERATiyE CHANGES D. THE CONJUNCTIVA 
Concretions {Syn — "Ltthiam ”) Concretions occur as 
minute hard yellow spots in the palpebral conjunctiva Thev 
are due to the accumulation of epithelial cells and inspissated 
mucus in depressions which are called Henle’s glands They 
never become calcareous, so the term is a misnomer, hut they 
are so hard that when they project from the surface they 
scratch the cornea and give the sensation of a foreign bodym 
the eye They are common m elderly people There is no 
reason to attribute them to gout, but unc acid deposits ha\e 
been observed m the palpebral conjuncti’va of gouty patients 
Concretions should be removed with a sharp needle 
Pinguecula is a tnangolaT patch on the conjunctiva, found 
usually m elderly people especially those exposed to dust 
wmd, and so on It occurs m the direction of the palpebral 
aperture, the apex of the tnan^e bemg away from the cornea 



DISEASES OF TBB CONJUNCTIVA 


189 


It affects the nft«al side first then the temporal It is yellow 
m colour and looks like fat whence the name {pmgms fat) It 
13 not due to fat but to hyalme degeneration of the connecti\e 
tis w and an excessive ({cvelopment of yellow elastic fibrous 
tissue It IS particularly conspicuous when tbeejo is inflamed 
since the pmguecuH remains relatively free from congestion 
mistakes m diagnosis may then occur It requires no treat 
ment but may be removed if the disfigurement is great 
Pterygium {rrept f a wing) This is a peculiar encroach 
ment of the conjunctiva on the cornea (Fig 112) It is 
triangular m shape and when single is always upon the nasal 
side when double the temporal one has deieloped later It 



IS derived from pmguecula (Fuchs) It must be carefully dis 
tinguishcd from pseudo ffenjpum winch is due to the tip of a 
fold of cbemotic conjunctiva becoming adherent to an ulcer 
within the comeal margin It may occur at any part of the 
cornea The conjunctiva then forms a bridge over the hmbus 
and a fine probe can always be passed beneath it which is not 
possible ViUth a true pterygium 
The apex of the pterygium is usually blunt there is no 
ulcer m the cornea beyond it as formerly described but there 
are often small opacities In the early stage the pterygium is 
thick and vascular, it advances over the cornea and may 
reach the pupdlnry area and interfere with vision MTien it 
ceases to grow it becomes thin and pale but nev er disappears 
The true ptery gium is a single layer of conjunctn a adherent 
m Its whole length to the saerotic and comta though only 
loosely, except at the apex The area of adhesion is always 
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smallet than, its breadth, so that there ate folds at the upper 
and lower borders 

Pterygium is not due to a fold of conjunctiva being dragged 
across the cornea by a progressive ulcer, as was once taught 
It IS probably due to malnntntion of the cornea, resulting from 
the pmguecula, and prolonged irritation Granulation tissue 
grows in under the epithehum, destroying Bowman’s mem 
brane When it ceases to progress dense fibrous tissue is 
formed 

Pterygium is rare m England, but is common m dry climates 
with sandy soils, c g , parte of Australia, South Africa, Texas 
Ac It was common m soldiers dunng the Boer War, and it is 
not infrequently seen m sailors 

Treatment Pterygium is best left alone imle's it is pro* 
gressmg rapidly towards the pupillary area, or is very di® 
figuring The latter reason is not of much weight, since it 
cannot be removed without leaving a scar 

The apex of the pterygium may be destroyed by 
diathermy Removal is efiected by seizing the neck, near 
the comeal margin, with fixation forceps, raising it, and 
shaving or dissecting the apex from the cornea Care must 
be taken not to go too deep The pterygium is freed from the 
sclerotic for about half the distance towards the cantbus 
Two converging incisions with scissors separate the apex and 
^eater part of the body The conjimctiva is then freed from 
•■he sclerotic above and below so as to admit of the two edges 
‘"ing sutured together 

Pterygium sometimes recurs after removal This mar he 
0,^ y apparent owmg to vasculansation of the denuded area 
If it actually re forms and extends toivards the pupillary area, 
the apex should be turned down under the bulbar conjunctiva 
and sutured m this position (McReynolds) 

Symptomatic Conditions 

Subconjunctival Ecchymosis, due to the rupture of small 
vessels, frequently occurs It may be the result of direct 
injury, or, mote commonly, occur spontaueovaly Very 
rnijDita ccchym/isfia, or possibly tbromhaies,, aciisafin.in.''evere 
conjunctivitis, especially pneumococcic Larger ones accom 
pany severe straimng especially in old people, c j , on lifting 
heavy weights, lormting, Ac In these circumstances they 
indicate a wealmess of the vessel walls, and should be regarded 
as a danger signal Other signs of artenosclerosis should be 
sought m the fundus ocnli and ebewhere, and, if found, warn* 
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mg of the |)ossibdit7 cerebral htcmorrhage given, vath 
appropriate instructions for its avoidance Very frequently 
no Buch signs can be discovered, and the condition, though 
unsightly, is tnvial Subcon3uactival ecchjmoses are not 
infrequently seen m children with whooping cough , as a rule 
they need arouse no anxiety, but retinal hajinorrhages and 
hyph®ma also occur in association \nth them, as well as 
cerebral hroraorthage 

More serious are the large subconjunctival ecchyxooses 
which sometimes follow blows or falls on the head They 
may then be due to extravasation of blood along the floor of 
the orbit, the result of a fractured base In fractures of the 
sphenoid the blood appears later on the temporal side than 
elsewhere Haemorrhage also results from severe or pro 
longed pressure on the thorax and abdomen, as m persons 
squeezed lu a crowd 

SubconjuDctiral hxwarrh&ges may occur m scurvy, pur 
pura, malaria, and so on 

The importance of subconjunctival htemorrbagc is always 
symptomatic since the eye itself is never endangered 
Trmment The blood becomes absorbed in from one 
to three weeks without treatment Bone lotion is usually 
ordered as a placebo Dionm may be used to occelerate 
absorption in young patients, but should not be employed in 
elderly subjects with arteriosclerosis 
Chemosis, or oedema of the conjunctiva, may occur 
( 1 ) acute inflammations , ( 2 ) m coses of obstruction to t 
lymph flow , (d) in abnormal blood conditions 
In the first group of cases the loSammation may be ii ne 
conjunctiva, c g , gonorrhceal conjunctivitis, or within the eye 
ball, os m panophthalmitis, hypopyon ulcer It is also found 
in acute glaucoma The inflammation may be m the accessory 
structures of the eye, eg , a stye, a parasitic bite on the 
hd, dacryocystitis, periostitis, orbital celluhtis, cerebro spinal 
meningitis The chemosis of diomn is probably due to a 
specific imtation of the conjunctival vessel walls 
In the second group the pressure of an orbital tumour may 
80 interfere with the lymph and blood streams as to produce 
chemosis, and it is found m pulsating exophthalmos 
To the third group belong Bnght’a disease and the aniemias 
It IS sometimes due to urticaria or angioneurotic cedema 
Recurrent chemosis is sometimes associated mth menstrua' 
tion, and it has been olserved m tngermna] neuralgia and 
migrame 
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Xerosts (Syn — Xe'fop^f'liolfnia) (fijpoc, dry) is a dry, lastre- 
less condition of the conjunctiva which occurs m two groups of 
cases (1) as a sequel of local ocular affection, (2) associated 
with general disease 

The first type is a cicatncial degeneration of the conjunctiva 
— (a) following tracliottia, bums, pemphigus, diphtheria, ic , 
commencing in isolated spots, ultimately involving the whole 
conjunctiva and cornea , (b) loffowing exposure, due to 
ectropion or proptosjs, whereby the eye is not properly covered 
by the lids As the result of the rare affection of the conjunc 
tiva with pemphigus the cicatricial contraction of the con 
junctivn maj be eiftreme and progressive, a sort of keloid 
condition being induced {essential sknnkmg of the conjundim) 
the lids may then be quite adherent to ths globe, the cornea 
being opaque like slytri {tide p 187) 

In the other group of cases xerosis occurs m a mild form, 
found in children usually boys, accompanied by night blind 
ness (Chap XIX ) aad choraefensed by small triangular 
white patches on the outer and inner sides of the cornea, 
covered by a materuil resembling dried foam, whuh is not 
wetted by the tears (Bitot’s spots) The cases usually occur 
during the summer months, and the children are not con 
spicuously ill nourished A similar mild form, al«o associated 
with mght blindness 412),ismetwitbinadalt3insome 

countries e q , India but seldom if ever in England A severe 
form is found m marasmic children, associated with kerato- 
malacia {vide p 224) and necrosis of the cornea 

PotAology The changes are in the epitheliumv which 
becomes epidermoid * ® . exactly like that of skin, with 
granular and horny layers The foamy spots are due to homj 
epithelium which becomes cast off mto the conjunctival sac 
and accumulates m the lower fomix Owing to this change 
the epiihelium ceased to secrete mucus It becomes dry , a 
certain amount of vicsnous activity is set up in the Meibomian 
glands (Chap XXXI ). which cover the surface with their fatty 
secretion The watery tears then fail to moisten the con 
junctiva The so-called xerosis bacilli, which are pseudo 
diphtheria bacilb, grow profusely under these conditions, but 
they have no causal relationship and are of no importance 

Xerophtlialnna, and the associated night blindness la a 
deficienc} disease due to absence of fat soluble vitamin A in 
the diet This \utamm contamed in cod li% er oil milk, and 

to be noted th^^t xeiosis has nothing to do with any 
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failure of function on the part of the lacrymal apparatus. 
The conjunctiva can be quite efficiently moistened by its own 
secretions alone If the lacrymal gland is extirpated xerosis 
does not follow If on the other hand the secretory activity 
of the membrane itself is impaired xerosis follows, m spite of 
normal or increased lacrjunal seeretion The tears of rabbits 
fed on vitamin A deficient diets are deficient m lysozyme 
(Fmdlay), thus explainmg the susceptibility to local bactenal 
in\asion 

Treatment Xerosis is a symptom, and its treatment mnst 
therefore be purely symptomatic Local treatment consists 
in Tcbeving the dryness with parolem, olive oil, milk, weak 
alkaline solutions, kc smoked glasses should be worn 
In xerophthalmia restoration of normal nutrition bj admmi 
Btration of vitamin A and other measures is all important, 
though in marasmic cases the patients hare often gone too far 
Argyrosis is the staimng of the conjunctiva from prolonged 
application of sil\er salts (nitrate, protargol, Ac) for the 
treatment of chronic conjunctivitis, and especially trachoma 
The conjunctiva, particularly the lower fomix, is stained 
deep brown The stammg is due to the impregnation of the 
elastic fibres m the membrane and \esse] walls with reduced 
metallic silver The condition is very difficult to get nd of, 
but subconjimctival injections of potassium iodide (ri iij — 
tv. of a SO per cent solution) and mtemal adnumstration of 
hexamm (urotropm) over a prolonged penod have been 
advocated Subconjunctival mjcction (0 3 c c ) of 2 parts 
of 2 pet cent potassium femcyanide with 1 part of 12 per cent 
sodium thiosulphate appears to be much more efficacious a 
plantmum needle must be used to avoid staining tilth non 

Cysts anp Tomootis 

The only common cysts found in the conjunctiva are due to 
dilatation of lymph spaces When small these often form rows 
of little cysts On the bulbar conjaoctiva {lympkangieciasis) 
Occasionally single, though mullilocular, cysts occur [lumphan- 
jiomn) Larger retention cysts of Kmuse's accessory facrymal 
glands occar in the upper fomix (Chap XX\J ) Subcon- 
junctual cysticercus and hydatid are rare in England Non 
parasitic cj^sts require simple removal of the anterior walls 
Eptlfidiol tinpJanl/ition cysts occur rarely after injuries oi opera* 
tions, e g , tenotomy, and may tmnow into the cornea 
Tumours of the conjunctiva have all a tendency to he poly 
owing to the perpetual roo\ ements of the globe and bds 

VIS. or Etc. 7 
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Papillomata occur at the inner canthus and m the formces In 
the latter position thej may be mistaken for the cockscomb type 
of tubercle, but the individual leaflets may be separated by a 
probe They also occur sometimes at the limbus m old people 
and are then bable to become roabgnant They shomd be 
removed 

Simple Granulomala, generally polypoid, often grow from teno- 
tomy wounds or the sites of foreign bodies They consist of 
exuberant granulation tissue They ate common in empty 
sockets after excision, and at the site of chalazions which 



have been insufficiently scraped (Chap XXSI ) Thev should he 
^erao^ ed by sci‘«ors 

Fibromata abo generally polypoid, occur in sockets They 
may be soft or bard, and require simple removal 

S(EVi or congenital molef are not vaxcomuion They are white 
gelatinous or pigmented nodules situated by preference at the 
limbus or near the plica semilunaris They have the same 
structure as in the skm — groups often alveolar, of ' nffi^us cells 
m close connection with the epithebum Thev are congenital 
and tend to grow at puberty, rarely becoming mabgnant They 
may be excised I*igmentation at the limbus occurs notmaUy 
m dark races, and patches m this situation are not uncommon in 
people with dark complexions 

Dermoids are lenticular yellow tumours, usually astride the 
corneal margin most commonly at the outer side (Fig 113) They 
ate olten wrongly called dermoids of the cornea Kot inir^ 
quently there is a notch in the upper bd corresponding with the 
position of the tumour They consist of sha m an abnorml 
situation, with epidermoid epithebum, hairs sebaceous glands, ire 





DI8EASCS OF THE CONJUNCTIVA 


195 


They are congenital and tend to groir at puberty , the hairs also 
grojr aod often cause iratatKm J>eeiaaids ekaiM be d(ssected 
off the globe if troublesome thoagfi their remo% al does not produce 
ranch iraprovement m appearance, as the site of attachment to 
the cornea remains densely opaque 
Eenno Upomala or Ji6ro fatty tumours are congenital tumours 
found at the outer canthus in babies They consist of fibrous 
tissue and fat, sometimes with dermoid tissue on the surface 
They arc not encapsuled The mam mass should be removed, 
but it Will be found that the fat is continuous with that of 
the orbit care must he taken not to in)urc the extrinsic 



Flo 1 il ~Epitbehoma of tb« conjunctiva from a section ( X 6) 

muscles Dermo lipomata may be associated with accessory 
auricles and other congemtsl defects 
Sarcoma is rare It occurs at the Ijmbus, is usually pigmented, 
and most of the patients have been old Sarcomata spread over 
the surface of the globe, bat rarely penetrate it liecurrence and 
metastasis occur aa elsewhere in the body They m^ be ah eolar 
“•derived from naivi — or round or epioole celled They mu't be 
removed as freely as possible and examined microscopically On 
the slightest sign of recurrence the eye must be excised, and if 
recurrence again takes place the orbit must be exenterated or 
deep X ray therapy adopted A diffuse spreading pigmentation 
of the conjunctiva occurs rarely m elderly people, and has been 
known to give use to metastatic sarcomatous tumours It should 
always he viewed with grave suspicion 
Epithelioma {Syn — Sqitamous-cdled Carcinoma) occurs par 
excellence where one kind of epithelium passes into another, 
hence in the eye chiefly at thelimbua (Fig IH), and at the edges 
of the lids Papillomata in old people often take on mahgnant 
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proliferation. Like sarcomata, epitbeliomata spread over the 
surface and into the fornjces, rarelj penetrating the globe. They 
have the characteristic structure. The treatment is the same as 
for sarcoma ■ it is weU in both cases to cauterise the base by 
diathermy or the actual cautery after the first removal 
EodeiU Dicer (Syn — Basal-idled. Carctnoma) may invade the 
conjunctiva from the bds (i«fc p 643). 
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Diseases of the Cornea 

The special iraportaoce of diseases of tlie cornea depends 
upon the fact that they often leave permanent opacities which 
seriously lower the visual acuity, while the comphcations 
which not infrequently attend them may lead to the loss of 
the eye 

iNTLAilSlATIOV OF TDE COftUEA (KfRATTHS) 

Inflammation of the cornea may be purulent or non purulent 
As immense amount of research has been devoted to mflam 
mation of the cornea from the earliest investigations of 
Bowman fl849) onwards, and much of our knowledge of 
inflammation m general is denved from these researches 
Purulent Keratitis, Ulceration of the Cornea Purulent 
keratitis is neatly always exogenous, i e , it is due to pyogenic 
organisms winch invade the cornea from without The first 
line of defence is the epithelium It has been pointed out that 
the only organisms which are known to be able to invade 
normal epithelium are the gonococcus and the diphtheria 
bacillus , but many other bacteria are capable of producing 
ulceration, notably the pneumococcus 
\Vhen. we remember the exposed position of the cornea it is 
not surprising that mmute abrasions are extremely common 
They are probably of everyday occurrence, but other factors 
have also to he reckoned with Pathogenic orgamsms of high 
virulence are not ahvays present m the conjunctival sac, and 
if they are, ns is often the case, the resistance of the normal 
tissues has to be taken into account It is too often forgotten 
that normal tissues with a healthy blood supply and lymph 
flow are well armed against any but the most \ irulent mvaders 
Even with these prolonged contact is usually necessary 
Apart from actual abrasions many causes of diminished 
resistance of the epithelium are met with Such ore drying, 
as m xerosis, necrosis due to deficient nutrition, as in kerato- 
malacia, desquamation as the result of cedema or neuro 
piralftic keratitis If cocame is insfalled too fireely, especially 
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if tlie hds are not kept dosed m tke intervals, the epithelium 
becomes dull and is finally thrown off Hence this drugu 
to be used with caution and only under supervision , it should 
seldom be given m lotions for nse at home 

Malnutntion affects not only the epithelium but also the 
whole cornea In badly nounshed comese ulceration is apt to 
be deep, leading to early perforation, and ako extensive, 
resulting in widespread necrosis Such septic ulcers, due to the 
attack of ordinary pyogemc organisms, occur after injunes 
in asthemc conditions, in keratomalacia, lagophthalmia, ic 
Comeal ulcers are much commoner m the lower orders, doubt 
less owing to the defective resistance of the tissues and the 
more frequent exposure to injury 

In the commonest form of suppurative keratitis— the 
comeal ulcer — there is localised necrosis m the most antenor 
layers of the cornea The sequestrum is partly disintegrated 
and cast off into the conjunctival sac, and partly adheres to the 
surface of the ulcer Usually the epithelium is destroyed and 
cast off over an area considerably larger than the nicer itself, 
and the same applies to Bowmank membrane The epithe 
hum, however, rapidly advances towards the ulcer, ™w9 
over its edge, and even over the slough or pus which Forms 
the floor 

The ulcer is usually saucer shaped, and the walk project 
above the normal surface of the cornea (Fig 116), owing to 
imbibition of fluid by the corneal lamcliai, which causes 
them to swell The spaces between the lamellm are packed 
with leucocytes for some distance around the ulcer appearing 
as a grey zone of infiltration This is the progressive stage 

A Ime of demarcation forms as in necrosis elsewhere in the 
body The toxins are most concentrated near the centre 
where there are most organisms A wall of polymorphonuclear 
leucocytes forms a second line of defence At a certam dis 
tance the tissues are protected , here the leucocytes ate not 
paralysed or killed by toxins, but exert their digestive func 
tions, macerating and dissolving the necrotic tissues ^Vhen 
the dead material has been thrown off the ulcer is somewhat 
larger, but the cloudmess has disappeared, the floor and 
edges are smooth and transparent, and the regressive stage is 
reached 

Meanwhile vascularisation has been going on (Plate V 
Fit' 1) Minute superficial vessels grow in from the limbus 
near the ulcer They supply the pabulum to restore the loss 
of substance they ako supply protective substances— anti 
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bodies — and therefore play an important r6Je in combating 
bacterial infection Sometimes they arc so exuberant as to 
overstep the limits of utility, eg, in fascicular ulcer (nde 

p 221) 

tVhen the ulcer has become vaacularised, everything is 
prepared for cicatnsation, which la earned out exactly as in 
other connective tissues The fixed connective tissue cells, 
here the corneal corpuscles, divide and form masses of 
nucleated spindle shaped cells, over which the epithelium grows 
and 18 lifted to its normal level The nuclei and vessels 
gradually disappear, and a mass of fibrous tissue is formed 
The fibres are not arranged regularly like the normal lameUte, 
so that they refract the light m vanous directions the scar is, 
therefore, more or less opaque according to its thickness If 
it IS very large and dense some of the larger vessels persist 
permanently , the smaller ones disappear Bowman’s mem 



Fio 116— Vertical eecUon o! a corneal ulm sbowing uifiUratiOD 
of tbe eubatiuitia propna. 

braue is never regenerated, and if it has been destroyed, as is 
the case in all but very superficial abrasions, some degree of 
permanent opacity remains 

During the progressive stage there is lacrymation photo- 
phobia, and pam, owmg to the exposure of the fibrils of the 
ophthalmic ^vision of the filth nerve Some of the toxins 
elaborated by the bactena diffuse through the cornea into the 
anterior chamber, just as atropine docs when instilled into the 
conjunctival sac Here they exert an imtative effect upon 
the vessels of the ms and ciliary body, so that hyperseraia of 
the ins, with or without defimte ciliary mjection, occurs The 
irritation may be so great that feucocytosis takes place, and 
polymorphonuclear leucocytes are poured out by tbe vessels 
of the ms and cibary processes They pass into the aqueous 
and gravitate to the bottom of the antenor chamber, where 
they form an Agpopyon (Plato VI, Fig 2 Fig 331) 

There are several important &cts about hjrpopyon wLch 
must be borne m mmd The pus oella do not come from the 
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coraea, as vn\8 once thongbt This is proved by the {oUomiig 
facts (1) Descemet's membrane is impermeable to leucocytes, 
though fluids readily pass through it , (2) the cells sometimes 
contam pigment granules, obviously denved from the uveal 
tract , (3) if the ulcer has not perforated, the hypopyon is 
sterile The last fact is of the greatest importance, both 
theoretically and practically It shows that the ]eucocyto«is 
IS due to toxms, not to actual invasion of bactena, which, 
mdeed, are as mcapable of passing through the intact Desce- 
met’s membrane as are leucocytes It accounts for the ease 
and rapidity with which hypopyon is often absorbed it may 
de\eIop m an hour or two, rapidly disappear, and as readily 
reappear Such hypopyons are very fluid, always moving to 
the lowest part of the antenor chamber if the position of the 
patient’s head is changed The fact that the hypopyon is 
sterrie has great practical importance — it is iinnecessaiy to 
remove the pus as is the rule m all other parts of the body , if 
the ulcerative process can be stopped the hypopyon will be 
absorbed 

The hypopyon may be so sooall that it is scarcely visible, 
being hidden behind the run of sclera which oveilai» the 
cornea It may teach half way up the ms, having a flat 
upper surface m. accordance with the laws of gravity It may 
fill the antenor chamber, wholly obscuring the ms The 
larger hypopyons are usually less flmd, owmg to the forma* 
tion of a fibrinous network which impnsons the lencocytes in 
its meshes Such hypopyons are much less readily absorbed 
and it may be necessary or advisable to evacuate them 

The scar tissue which replaces the destroyed portions of the 
cornea usually fills in the gap exactly, so that the surface is 
level If It IS thin the resulting opacity is '<light and is called 
a nebula (Plate V , Fig 1) , if rather more dense it is some 
times called a macula if very dense and white it is caUed a 
leucoma Old central leucomata sometimes show a horizontal 
pigmented line m the palpebral aperture, the nature of which 
IS obscure A thin diffuse nebula covering the pupillary area 
interferes more with vision than a strictly localised den'se 
leucoma, so long as the latter does not block the whole pupil 
laiy area The reason \s that the leucoma stops all the light 
which falls upon it (Fig 116) whereas the nebula refracts it 
irregularly, allowing many of the rays to fall upon the retina 
where they blur the image formed by the regularlv refracted 
rays An opacity does not necessarily prevent the light from 
being focussed upon the retina immediately behind it Thus, 
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a central opacity of the cornea ynll not prevent the focussing 
of an object upon the macular region, for the rays passing 
through the clear peripheral parts of the cornea be re- 
fracted towards the macula, only those rays being cut off 
which ate incident to the comeal surface at the opaque region. 
There is thus a loss of brightness rather than of definition, 
though definition will also be impaired by the superposition 
of a difiuse entoptic image of the opacity upon the clear imago 
of the external object 

When Bowman’s membrane has been destroyed the opacity 
13 permanent, but even then it tends to clear more or less. 
The younger the patient the more clearmg may be anticipated 
The deeper the cicatnx the less it clears , perforatmg wounds 
remain permanently opaque This fact is well illustrated by 



Fid 1 —Optical effect of » eornesl opacity 

the punctures made by discission needles m needling cataract , 
they remam as grey spots in the cornea throughout life 
Vascularisation plays a part m the clearing of comeal opacities, 
as is shown by the fact that they clear first m the immediate 
vicinity of the vessels 

Extremely thm cicstnces may be almost or quite trans- 
parent In them there is often deficient scar tissue formed 
so that the surface is flattened or e\ en indented Such corneal 
facets can only be seen by carefully examining the comeal reflex 
{tide p 86), but they cause considerable defect of visual acmty 

From the same cause — deficiency of scar tissue — the cornea 
he. TOaxVedJ.5 thuMiRt at thn aite nt thn ulnae than. eJUa- 
where The scar may then bulge above the surface, owing 
to ineffectual resistance to the normal intraocular pressure. 
As the cicatnx becomes consolidated the bulging may dis- 
appear, or it may remam permanently as an ectaitc ctcatriz 
(kcratectasia from ulcer). 

Some ulcers, especially those due to the pneumococcus and 
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septic organisms, extend rapidly m depth There is then 
grave danger of perforation The whole thickness of the 
cornea except Descemet’s membrane and a few corneal 
may be destroyed De«cemet's membrane like other elastic 
membranes, offers great resistance to inflammatory processes 
It 13, however, unable alone to support the mtraocolar pres- 
sure it therefore becomes protruded through the ulcer, 
appearmg upon the surface as a transparent vesicle, which is 
called a keratocele This may persist, surrounded by a white 
cicatricial ring, or it may eventually rupture 

Pejforatton cud its effects XHien an ulcer perforates the 
aqueous suddenly escapes and the mtraoculax pressure sinks 
to zero, t e , to the atmosphenc pressure The ins and lens 
are dnven forwards into contact with the back of the 
cornea 

The effect of perforation upon the nutntion of the cornea is 
good owing to the dimmution of intraocular pressure the 
diffusion of lymph through the cornea is facihtated Ulcers 
tion usually ceases, pam is alienated and cicatrisation pro- 
ceeds rapidly The complications which attend perforation 
are, however, of extreme danger to sight and even to the pre 
serration of the eye These compbcations vary according to 
the position and size of the perforation 

Usually the perforation takes place opposite some part of the 
ms, which therefore lines the aperture when the agueoos 
escapes The ms becomes gummed down to the opening by 
lymph, which gradually organises, and an anterior synechia is 
formed The blockmg of the perforation with ins ^ows the 
antenor chamber to be re formed, fre^h aqueous being rapidly 
secreted 

The aqueous often escapes \ery quickly owing to some 
sudden exertion on the part of the patient, e g , cooghmg, 
sneezmg straining at stool or spasm of the orhiculans Any 
such sudden exertion causes a nse m general blood pre'ssurc, 
which at once manifests it'elf bv a nse m mtraocular pressure 
The weak floor of the ulcer is unable to support the sudden 
stram and gives way In such a case especially if the per 
foration is large a portion of the ms is earned not only info 
the openmg but through it, and a prolapse of ms is produced 
The prolapse may not mcludc the pupUJaiy margm, m which 
case It IS hemispherical , or the pupillary margm may al®o 
prolapse, a tag of ms lying free upon the cornea In cither 
case the colour of the ms soon becomes obscured bv the 
deposition of grey or yellow lymph upon the surface Tn large 
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prolapses the stroma becomes thmncil and the black retinal 
pigment epithelium is thrown mto relief 
Sometimes the whole cornea sloughs, with the exception of 
a nanow nm at the margin and Mai prolapse of %ns occurs 
The pupil usually becomes blocked^with exudate, and a false 
cornea is formed, consisting of ins co^ ered by lymph 
If the perforation takes place very suddenly the suspensory 
ligament of the lens is much stretched It may rupture 
partially, causing tilting or dislocation of the lens, or wholly, 
so that the lens may 
be expelled through 
the perforation 
If prolapse of ins 
has occuned cica 
trisation may still 
progresB The 
lymph which covers 
the prolapse or 
pseudo cornea be 
comes organised 
and forms a thm 
layer of connective 
tissue over wbicb 
the conjunctival or 
corneal epithelium 
rapidly grows The 
contraction of the 
bands of fibrous tis 
sue tends to fiatten 
the protruding pro 
Hpae or pseudo Fio J17 — \ntenor atapbjrloma «liowjng aUo ad 
cornea It rarelv #ntenor capsular (pyranudal) cataract (It. L 
however, becomes ^ ^ Museum) 

quite flat , more commonly the iris and cicatricial tissue are too 
weak to support the restored intraocular pressure, which is 
often increased, owing to the advance in position of the iris 
(t*n?cp 280) The c icatnx tends therefore to become ectatig, 
anu'sucfl an ectatic ci^itix j'mriicii ihe ms is lucarceratleaiif 
called an anterior slaphjhma (Fig 117) If the prolapse of ms 
13 partial the resulting staphyloma will be partial , if total, a 
total staphyloma will ensue The bands of scar ti‘«ue on the 
staphyloma vary in breadth and thickness, producing a lobu- 
lated surface, hence the name {m-a^oXy}, a bunch of grapes) 

If the perforation happens to be opposite the pupil it cannot 
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be co\ ered witb ins The pupil ollen becomes adherent to the 
margin, and the aperture be^mes filled with exudate 
antenor chamber is then re formed very slowly the lens 
remams long m contact with the ulcer, and permanent opacity 
may occur in it — antmor mpsular cataract (Fig 117) As the 
anterior chamber re forms the exudate filling the opening is 
submitted to stram It frequently ruptures, especially if the 
patient is restless This process may be repeated again and 
agam, so that the openmg may become permanent — comeal 
fistula 

The sudden reduction of mltaocular pressure when the per 
.oration occurs removes support from all the mtraocular blood 
vessels They become dilated and may rupture, intraocular 
hcemorrhage takmg place The retmal \ essels may rupture, 
causmg \ntreous hemorrhage, or the choroidal, causing 
Bub retmal or sub-choroidal hemorrhage It may be so pro 
fuse that the contents of the globe are extruded with the out 
flowing blood , indeed, in \ ery rare cases the hemorrhace mar 
endanger life, for it is most liiely to occur in old people with 
atheromatous vessels 

Finally, the organisms which ha\e caused the ulcetatiou 
of the cornea may gam access to the mterior of the eye as the 
result of perforation, the vitreous actmg as an excellent culture 
medium Purulent xnio<ydit%s or e\ en panopUTiahnilxs may 
thus be set up, a result especiafiy prone to occur m gonorrhceal 
ophthalmia and m hypopyon ulcer (j i ) 

Treatment of Dncomphcated Ulcers Cleanlmess, heat, rest 
and protection ate the fundamental pnnciples of the treatment 
of corneal ulcers Surgical cleanlmess is the principle which 
should regulate the use of lotions , heat is employed to prevent 
stasis and encourage repair , local rest is attamed by the use 
of atropine , rest and protection from deleterious external 
agencies are aimed at m the use of a pad and bandage 

The ordinary treatment of a simple uncompheated ulcer is 
as follows The conjunctival sac is washed out carefully three 
or more times a day with a considerable quantity of a nuld 
antiseptic lotion, which should be used as hot as can be borne 
camfnrtahly f.nde p 1621 Itactspnncipallyby washmgaway 
secretions and necrotic material, which cany with them manv 
of the orgamsms and their tonns It is impossible to applv 
antiseptics sufficiently strong to kill the orgamsms, hence it is 
of little importance whether w«lL sublimate lotion (I m SOOO) 
or simple bone lotion be used 

After each irrigation a drop of 1 per cent atropine solution 
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or a small lump of 1 pet coat atropme omtmeut is mtrodnced 
between the lids 

A protective pid and bandage are then applied It consists 
of a pad of atenle gamgee tissue, or a layer of cyanide gaure 
covered by a pad of cotton wool, kept in place b} a bandage, 
firmly but tightly applied A atmplo tie bandage suffices 
This IS of sufficient length to pass round the head and tic 
behmd It passes obliquely above the sound eye, over the 
ulcerated eye and under the ear of the side of the affected 
ej'e, where the bandage is given a single turn the ends arc 
tied just above the occipital protuberance 
This treatment suffices for mild cases 
In more severe cases hot bathings {vide p 692) should 
be apphed m the intervals between batbmg with lotion, 
which should bo done more frequently — every three or four 
hours The compresses should be made of large round pads 
of plain or boric lint, on one surface of which gutta percha 
tissue 13 sewn The compresses are placed in a cloth and 
immersed in boiling water , by keepmg the ends of the cloth 
out of the water and turning them m opposite directions the 
excess of the water is wrung out without scalding the ffogers 
The compress is applied as hot as can be borne It is at once 
covered with a large pad of hot cotton wool, and bandaged 
into position 

Atropme has a twofold function m the treatment of corneal 
ulcers In the first place it keeps the eye at rest by paralysing 
the intrinsic muscles both the sphincter mdis and ciliary 
muscle In the second place it prevents most of the dangerous 
resuUsofinti8(w(fcp 258) Conical ulcers are always accom 
panied by more or less mdic and ciliary hypenemia, and actual 
inflammation often occurs 

Eserme has been recommended instead of atropme in the 
treatment of some ulcers It has been held that prolapse is 
less likely to occur when a peripheral ulcer perforates if the 
pupil is contracted This is a fallacy Even with complete 
dilatation uuder atropme the pupil at once contracts when the 
aqueous escapes The objections to eserme are that it prevents 
rest by keeping the sphincter mdis and ciliary muscle in a state 
of tome contraction that it imtates the ms and tends to in- 
crease mtis, with consequently greater risk of the formation of 
postenop synechiffi, and that it causes discomfort or even pain 
m the eye It is never to be med for a simple ulcer, though it 
may have beneficial effects m special chronic types {vide p 323) 
Any contributory cause for ulceration must of course receive 
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atteution Prominent among such causes are conjunctival 
conditions and general malnutrition Thus, the ulcers asso- 
ciated with trachomatous pannus will not heal if the lids are 
neglected {xtde p 178) 

In purulent conjunctivitis and trachoma the lids should he 
painted with silver nitrate, even during the progressive stage 
The copper stick must not be used in trachoma, owing to the 
irritative effect upon the cornea The presence of much con 
junctival discharge is a contramdication to the use of a 
bandage the benefit derived from it is more than counter 
acted by the retention of sectetioia (wJc p 153) It must be 
replaced by a shade 

To restram children from touching their bandages a cjlmder 
of stout corrugated cardboard mav be applied around the 



Fio IIS — Lang 8 speculum This form is preferable to the ordinary 
type aa it keeps the lashea oat of the field of operation 

arm, reaching a little beyond the elbou, thus preventing 
flexion 

In debilitated adults or old people and marasmic chDdren 
the buildmg up of the constitution by good food, fresh air, and 
tomes 13 often more important than the treatment of the local 
condition 

When cicatrisation is complete and all irritative signs have 
passed off an attempt must be made to render the scar a" 
transparent as possible The rraults are usually disappomtmg, 
but cicatrices clear considerably m young patients, and in 
many others a giatifymg improvement may be noticed lu 
the course of months or years Stimulating treatment is 
indicated, beginnmg with weak imtants and passmg cautiously 
to stronger Insufflations of finely powdered calomel may be 
used first If it is well borne dilute yellow oxide of mercury 
ointment is employed A soiall lump of the ointment, gr iv 
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to 3 * > IS placed m the conjunctival sac and rubbed m gently 
by rotatory movements of the upper hd by means of the 
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finger The massage w itb the hd should be employed three 
times a day for periods of 5 to 10 minutes If it i s not resented 
stronger ointment up to gr xvi to 3 i » As the eye 
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becomes accustomed to one form of imtation it is well to 
change the drug from time to time The use of 2 per cent 
qumme bisulphate ointment twice a day has been advocated 
Dionm, 5 to 10 per cent , may be added to the omtment, or 
used m solution On application, especially for the first few 
times, it causes great cedema of the conjunctiva and a burning 
sensation The surgeon should male the first application, as 
the patient is often alarmed at its se\ enty The stimulation of 
the blood and lymph flow induced by tbis drug is undoubtedly 
beneficial 

In 1 ery mtractahle cases the same effect may be produced 
by Bubconjunctiial mjections of sodium chlonde solution 
(2 to 10 per cent ) or oiycyamde of mercury (1 m 6,000) 
after instillation of cocame Five to ten 
muiima of sterile solution are mjected 
under the bulbar conjunctira as far ns 
possible behind the upper part of the 
limbus The pam, which may be severe 
IS diminished by the addition of 2 per 
cent no\ ocam to the solution The injection 
should not he repeated more than once a 
week 

Old, degenerated, often calcareous cica 
trices are best left alone, smce they are 
liable to break down and form very 
dangerous ulcers, owing to the lack of 
resistance in the scar tissue 

In some cases of superficial keratitis tie 
scar remains permanently nchlv vascu 
lansed These eyes are often extremely 
irritable and give nse to repeated attacks 
Fuiisjr rtuszE of inflammation and lacrymation, which 
Fio 121 Fio 122 may make life a burden Though uncer 
Broad needles ^ results peritomy (wde p 181) is 

the best treatment The re growth of large new vessels must 
be presented, it is best effected bypamting the new vessels 
with a very fine camel a hair brush which has been moistened 
and then rubbed on a silver nitrate stick, or by touching them 
nith a diathermy needle 

If a small dense leucoma covers the pupillary area nsion 
may be improved by an optical iridectomy (Chap XXH ) 
Keratoplasty, the excision of a disc of scarred cornea 
and its replacement by a disc of clear cornea from a 
human eye, is seldom successful as a rule the new tissue 
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rapidly becomes opaque, unless the adjacent cornea is healthj 
and clear, 'when some success may be attained 
Borne improvement in appearance may be obtamed by 
tattooing dense leucomata It is only suitable for firm smooth 


scars m perfectly quiet eyes, and is even then not mthout 
danger lilore justifiable is the tattooing of small central 
nebulas , it liaa the effect of cuttmg off the irregdarlj 
refracted rajs, so that vision is improved {vide p 201) 
Tattooing with Indian mk has been replaced b% impregnation 
i\ith gold (brown) or platmmn (black) of these the latter is 
preferable The required area is denuded of epithelium and 
a piece of blottmg 
paper of the same sire, ^ 
soaked m platinum vK 
chloride solution, is n. 

applied On remo > i \ n 

val a few drops of ^ Y 

fresh hydrazms hj J 

drate ate allowed to I 

flow over the area, j 

which becomes black j 

The eje is irrigated \ 

with saline, a drop J1 

of parolein mstiUed, A 

and a pad and bandage |l l" 

put on 11 , i n ' 

Treatment of Comph || in , 

ca'ed Ulcers If per || «l M - 

foration is immment ”|| [1 H 

special means must be ^ |l ; 5 
adopted to prevent it « ~ , » • 

The patient should be Fio ’ m- " Pio 126 - 

confined to bed, and Keratoioe su needle SpatuU. 


laxatives given 

It bas already been pointed out that perforation improves 
the nutrition of the cornea Perforation may sometimes be 
anticipated with advantage byywroccntesis By this procedure 
the aqueous is evacuated slowly, and the more dangerous 
results of perforation may be avoided Another indication 
for paracentesis is extreme pain 

Paracentesis may be performed through the floor of the 
ulcer or just inside the penpheiy of the cornea AVhen the 
aqueous has escaped and the iidlarned ins comes m contact 
with the cornea the moat acute pain is felt The eye should 
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therefore be anssthetised by injection of novocain into the 
orbit or into Tenon’s capsule (nde p 466) 

The patient lies upon his back 
upon the operating table The con 
junctival sac is washed out with warm 
bone lotion or saline The speculum 
(Fig 118) IS inserted, and the eye is 
fix^ with fixation forceps (Figs 119, 
120) by taking up a fold of conjunc- 
tiva at a convenient spot close to the 
corneal margin The points of the 
forceps should be pressed well into 
the conjunctiva so as to include the 
episcleral tissue, otherwise they are 
liable to tear the conjunctiva if much 
traction is exerted, as by an in- 
voluntary movement of the patient 
The e> e is then pulled gently forwards 
The incision is made with a broad 
needle (Figs 121,122), or a keratome, 

i ja Bd preferably one bent on the flat 

it B0 ^^*6 1-3). or o paracentesis needle 

f Uff (Fig 124) If the floor of the ulcer is 

|V 111 to be incised the pomt IS inserted here 

^ so that the blade makes an angle of 

^ riT about 45® with the cornea Directly 

^ lE ' pushed through the floor the 

^/ vfv plane of the blade is altered so that 

it lies against the back of the cornea , 
if this IS not done there is imminent 
danger of wounding the lens The 
instrument is pushed on until the 
incision is sufficientlv long It is then very slowly withdrawn, 
so that the aqueous may flow off very gradually If the aqueous 
escapes suddenly the lens may be wounded, intraocular 
hsemorrhage may occur, or the ins may prolapse If the last 
misfortune occur the prolapse must be excised (nde p 212) 
If the operation is performed well, probably little aqueous wnU 
escape The spatula (Fig 125) is then apphed to the edge of 
the wound which is nearer to the comeal margin and this bp 
13 gently depressed The aqueous then escapes slowly and 
with a Tnimmiim disturbancoto the eye The aqueous can be 
evacuated on the folloYfing day by simply opening the wound 
with the spatula and depressing the lip 
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If the incision is made near the pcnphety of the cornea it 
should be 1 to 2 mm inside the lower margin, especially if 
there is an h 5 ^opyon present The 
kcratome is then entered in the plane 
of the ins, and its direction changed 
^s before as soon as the pomt is seen 
to be inside the antenor chamber 

In deep ulcers, such as ate liable 
to perforate, the removal of necrotic 
material may be hastened by scrap 
mg the floor with a spatula or the 
ulcer may be cautcnsed (wdc p 217) 

If the actual cautery is used it may 
be made deliberately to perforate the 
centre of the floor of the ulcer, so 
that the aqueous may escape and 
better conditions of nutrition be set 
«p This procedure can only be 
recoimneoded m special cases 

Another procedure is to scrape the 
floor of the ulcer and then to cover 
it with a flap of conjunctiva The 
conjunctiva is separated from the 
limbus near the ulcer A second 
mcision IS made with scissors parallel 
to the first, so that a strip of 
conjunctiva rather wider than the 
breadth of the nicer 13 separated from Fjo i‘>8 — de tVecker 
the globe but remains attached at the scissore They ehouid 
two ends This is then shifted on to !*. pointed ^ or 
the cornea so as to cover the ulcer, be 
mg retained m place by a stitch at one 
or both ends, thus beeping it some 
what stretched The wound m the bulbar conjunctiva may 
be closed by a stitch The hds are then carefully lifted 
over the atrip so as not to displace it and the eye is 
bandaged 

If perforation has occurred the treatment depends upon its 
size and situation If it is small or m the pupillary area 
prolapse of ins is not to be feared Eest in bed atropine, and 
a firmly applied bandage suffice all forced expiration— 
blowing the nose coughmg Ac — must be a\ oided A sneeze 
can often be inhibited by firm pressure with the finger upon 
the middle of the upper bp close to the nose If a email 
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perforation is over the ms, adhesion to the cornea usually 
occurs It may become detached when the anterior 
chamber re forms, or may be drawn out mto a fine thread No 
special treatment la required 

If prolapse of ina has occurred it should usually be 
excised (vide tnfra) No attempt should be made to replace 
the prolapse m these cases because the ms has become 
soiled with pus, and replacement may result m infection of 
the mtenorof the eye and panophthalmitis 

IndetJomy of jtTolapsed ins is performed 
I as follows Instruments required specu 
lum, fixation forceps, two pairs of ins for- 
I ceps (Figs 126, 127) de Wecker’s scissor 
(Fig 128), ms repositor (Fig 129) 

It the patient is a cbld or highly excitable, 
a general ansesthesia is used, otherwise local 
JL anaiathcsia, with or without novocam, 
suffices (wdc p 210) The conjunctival sac is 
washed out (tnde p 152) The speculum 
IS inserted, and the eye fixed with fiza* 
tioQ forceps held m the left hand The 
iris repositor is passed mto the wound 
between the ms and the cornea, with a vie^ 
to freeing any adhesion The longer the 
prolapse has existed the firmer will be the 
Fio 129 — Ihs re of the ins to the cornea It may 

positor, mrnde of be impossible to free it, and m this ca^e 
Sliver, It can be effectual indectomy Cannot he performed 
bent to any re jjaving freed the iris as much as possible, 
quire ang e fixation forceps are handed over to an 

assistant The prolapse is seized with ms forceps held in 
the right hand, as close to the cornea as possible, and 
drawn well out from the wound The second pair of ms 
forceps, held m the left hand, is then applied again as near 
the cornea as possible, and the ms drawn still further out 
(Capsule forceps (Fig 130) are very good for this purpose ) 
de Wecker’s scissors are then taken m the nght hand, and 
the ms 13 cut oS close to the cornea If the operation has 
been successfullv performed the stump of ms retracts into 
the anterior chamber and is qiute free from the wound 
Atropme is instilled, and a pad and bandage apphed 

It IS to be noted here that the ms is extremely ductile, 
it can be dragged out much farther than might be expectw, 
and it must be dragged out as far as possible in onler that 
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tlie jDCJsion may be through clean ms tissue, all the soiled 
part beiug removed Some opmtors prefer to retain the 
fixation forceps in the left hand throughout, drawing out the 
iris with ins forceps m the right hand In this 
case the assistant cuts o2 the prolapse The 
method has the advantage that any sudden 
moxement of the eye may be counteracted or 
followed by co ordmated movements of the two 
hands of the same individual Such sudden 
jerks have been known to drag the whole ms 
out of the wound, smce it tears away at the 
thinnest part, viz , near the ciliary border In 
ordinary cases the greatest danger is that of 
wounding the lens A conjunctival flap may be 
used after excision of the prolapse (vide p 211) 

Iridectomy of prolapsed ms is only possible 
within the first few days, before adhesion has 
become firm It is not to be performed after 
this has ocouned, nor in the case of very large 
prolapses In the latter there is so large an 
opening m the cornea that a permanent nstula 
may result, with loss of the eye from diminished 
tension and shrinking 

In very large prolapses there is much bulging 
and the base is often constricted Every attempt 
should then be directed to obtain a flat 
cicatrix In addition to rest m bed and the 
means already advised, a pressure bandage must 
be applied for a prolonged period A pressure 
bandage differs from an ordinary protective 
bandage only in that the space around the eye 
IS packed carefully with cotton wool to the level Fio 130 — 
of the nose and that considerable pressure is CoupBrs 
exerted m applying the bandage ® 

Kcratocele is treated first by rest and a pres- 
sure bandage If this fads the vesicle may be punctured, 
and the case treated like a ^rforated ulcer 

Fistula of the cornea is treated first like a perforated ulcer 
If this treatment fails the edges of the fistula may be 
cauterised with the actual cautery, or a pomt of lunar 
caustic In order that this may be done there must be 
some trace of an anterior chamber, otherwise the lens will 
be injured A conjunctival flop may be drawn over the 
fistnla 
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Commencing staphyloma should be treated by a pressure 
bandage If this fails a paracentesis may be done, or an 
iridectomy opposite the clearest part of the cornea 

Hypopyon Ulcer. ^Vhen an eye is injured so that an 
abrasion of the cornea is produced there i*s grave danger of 
infection from \nrulent pyogemc organisms The piobabih 
ties of this occurrence depend upon the presence of such 
orgamsms and upon the amount of resistance which the tissues 
possess Of all the orgamsms which are capable of producing 
deep ulceration by far the most dangerous, because the most 
widely spread, is the pneumococcus It is not infrequently 
present in the normal conjunctival sac, but it is particularly 
likely to be present if there is any inflammation of the 
Jacrymal sac (dacryocystitis) The presence of dacryocystitis 
is therefore a standing menace to the eye The pnenmo- 
coccus, more than any other orgamsm, tends to give nse to 
hypopyon, but other pyogemc organisms may also produce 
this result 

The substance which produces the injury may carry the 
mfectmg agent The commonest causes are scratches with 
the Unger nail, leaves or branches, grams of corn, and minute 
foreign bodies, especially stone 

Umess the organism be very virulent some lack of resistance 
on the part of the tissues must be predicated Hence h^o- 
pyon ulcers are much commonest in old people and alcoholic 
subjects, and m the lower rather than the upper classes The 
debibtating effects of hot weather are noticeable Hypopyou 
ulcers also occur dunng or after acute infectious diseases, such 
as measles, scarlet fever, small pox, vaccinia and so on In 
small pox it is not a variolous pustule upon the cornea, but it 
differs from the typical hypopyon ulcer 

Hypopyon ulcers vary m type according to the infective 
agent and the age of the patient In about 70 — 80 per cent 
of all cases m adults the cause is the pneumococcus, and the 
ulcer IS then of a very characteristic type, and has been called 
ulcus serpens from its tendency to travel over the cornea in a 
serpigmous fashion 

near the centre of the cornea (Plate VI , Fig 1) The opacity 
IS greater at the edges than at the centre and is particularly 
well marked in one special direction A cloudy grey area, 
made up of fine Imes, surrounds the disc, but is also more 
marked m the same direction The whole of the cornea may 
be lustreless or hazy There is a violent intis, and the aqueous 
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IS cloudy, or there may be a definite hypopyon The hds are 
slightly ccdematous, and there is conjunctival and ciliary con- 
gestion The subjective symptoiM at the early stage are 
para in the eye and brovr and a variable amount of photo- 
phobia 

The ulcer increases m size and depth On the side of the 
densest infiltration, ivhich often loohs like a yellow crescent, 
the tissues break down and the nicer spreads , on the other 
side it may be imdergomg simultaneous cicatrisation In this 
manner it travels forwards Meanwhile the hypopyon has 
become mote evident, but it may vary m size from hour to 
bout (inde p 200) 

If left to pursue its natural course the hypopyon will increase 
and become fibrinous, the ulcer will perforate, usually forming 
a large opening through which the ms prolapses The whole 
cornea, except the narrow tim nounshed by the comeal loops 
(Plate II ), may necrose, and panophthalmitis destroy the eye 
In other cases an extremely dense cicatnx m which the ms is 
incarcerated {adherent leuconia) destroys sight This may be 
flat or ectatac (anterior staphyloma) Sometimes the ms is 
bound down to the lens before perforation occurs In such 
eases there are posterior eynechuc, which may be annular 
or total (vtde p 259), and the pupil may be blocked by 
exudates which organise into fibrous tissue (occlusion of the 
pupil) 

Though hypopyon ulcer occurs sometimes m children, it 
never assumes the typical form of an ulcus serpens In them 
and m some cases in adults the serpigmous character of the 
ulcer 13 not apparent, but it is distinguished by its great 
tendency to extend in depth, so that perforation readily occurs. 
On the whole, such ulcers have a milder course than the ulcus 
serpens, and this is especially the case in children This is 
doubtless due partly to the fact that less virulent organisms 
are at work, especially appbcable to adult cases, and partly 
to greater resistance of the tissues, especially applicable to 
children 

The milder type of hypopyon ulcer is often due to the diplo- 
bacidns of 3foTax or to tho allied diplobaciHus hque/aciens of 
Petit It usually commences as a central grey infiltration, 
which develops into an ulcer co%crcd by a grey membrane and 
surrounded by radiating grey stnas It generally spreads m all 
directions, but does not 3iow the same tendency as the pneu- 
mococcic ulcer to spread in depth It can only be diagno-sed 
with certamty by bacteriologicai examination 
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Pathology The ulcus serpens is due to the pneumococcu*, 
either alone or mixed mth other organisms There is do 
doubt that the essential features are caused bj* the pneumo- 
coccus alone A variety of organisms — staphylococci, strepto- 
cocci, gonococci, Ac — have been found m atypical hypopyon 
ulcers As already stated a relatively mild form is due to the 
diplobacillus 

Anatomically, the ulcus serpens shows at first a depressed 
surface covered with slough (Fig 131) The comeal lamelhe 
around and below the ulcer are separated by masses of polv 
morphonuclear leucocytes 

In the progressive stage the infiltration is chiefly limited 



Fia 131 — Diagram of hjpopjvn nicer a — b adrancmg lafiltrateii 
border b— c ulcerated surface d upper lexel of hypopron. 


to an area, wedge shaped m section, corresponding with the 
yellow crescent In other parts the edges are clean, and mav 
be covered with epithehum Often there is infiltration just 
antenor to Descemets membrane at a spot exactly opposite 
the floor of the nicer, while the mtervemnglamellie are normal 
This fact accounts to some extent for the great tendency to 
perforation, smce the inflammatory process is going on as it 
were from both surfaces of the cornea 
The hypopyon consists of polymorphonuclear leucocytes 
massed together m the lower angle of the antenor chamber 
In the later stages they are enmeshed m a networi. of fihna. 
It has been pomt^ out that the leucocytes are denved from 
the ins and cihary processes (tide p 199) 

Treatment In all cases of hypopvon ulcer m adults trwt 
ment must be mitiated at once and must be energetic 
first stage is cautensation of the ulcer If it is performed 
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slal/uHj it docs no harm and may save the eye It is seldom 
necessary in children 

Cautensatim may be performed with pure carbolic acid or 
tnchloracetic acid (10-20 per cent ) or with the actual cautery, 
the most convement form of the latter being the galvano- 
cautery (Fig 132) In my opimon the latter method^ which 
requites more skill, possesses no advantages and has some 
disadvantages Apart from the dangers attending the use 
of the actual cautery, carbolic acid has the advantage of 
penetrating a little more deeply than it is actually appbed, thus 
extending its antiseptic properties more widely , it acts both as 
a caustic and an antiseptic No harm is done even if the acid 
spreads over the normal cornea Although the parts touched 
become at once quite white, the normal tissues rapidly recover 
without detriment The acid must not, however, touch the 



Fio 132 —Opbtbalmie g&lr&no caoteiy, which ib »7 be worVed ofi the 
msm with ft tratuforroer or ofi a port&bie Bccumtilator 

conjunctiva, otherwise very acute conjunctivitis is set up and 
adhesion between tbe lids and globe may occur 
Pure carbolic acid is appli^ as follows Tbe patient is 
seated or lying upon a couch Tie ulcer is 6rst stamed with 
fluoreseem (2 per cent ), m order that its limits may be more 
clearly defined TIic conjunctival sac is thoroughly an'BSthe 
tized (vw?e p 465) Tiie surgeon stands behmd or at the head 
With his left band he separates the hds as in removing a 
foreign body, steadying the globe at the same time The ulcer 
IS scraped with a spatula, and together vnth the surroundmg 
cornea is dried with the point of a piece of blotting paper A 
wooden match, somewhat pointed, is dipped into the carbolic 
acid Care is taken that the wood is thoroughly wet, but has no 
drop of acid hanging to it which may run over the cornea The 
ulcer is then touched over the whole of its surface with the 
pomt of the match If there is sufficient carbolic acid on tbe 
match tbe spot touched becomes wiute Special care is taken 
thoroughly to caateris* the advancing edge of an ulcus serpens, 
I e , tbe part marked by a yellow crescent 


218 


DISEASES OF THE EYE 


Cautensation mth carbolic acid may be repeated two or 
three times at intcrrals of one or two days if the ulcer still 
progresses If this treatment, combined with the use in the 
intervals of mild antiseptic lotions, atropme, and hot bathings, 
as for less severe ulcers, does not check the pro<T:ef<i, 
the actual cautery may be tned It has been recommended 
to heat the ulcer with the cautery without actually touching 
it , or hot air may be blown on to it from a rubber ball, such 
as is used by dental surgeons This treatment 
IS certainly beneficial m some cases 

If these means fail, and especially if the tension 
of the eye 13 raised (ttde infra), yet more drastic 
measures must be resorted to Of these the 
most important is paracentesis It may be per 
formed as already described, but m the case of 
hypopyon ulcers what is called Saemisch's seeiion 
(though it was devised by Guthne) offers some 
advantages It consists m completely dividing 
the ulcer from one side to the other, the eiuu 
of the mcision being m healthy comeal tissue 
It must be remembered that if the operation is 
performed under cocame the most excruciatisg 
pam IS felt when the ms comes mto contact 
with the cornea For this reason it is best to use 
a general anesthetic, or mfiltrate deeply with 
novocam 

Saemisch's Secfton Instruments required 
speculum, fixation forceps, Graefe knife (Fig 
^ N a r T^o ^ 133), smooth ms forceps , m case the ms should 
G r a e f e prolapse, the following should also be at band 
knife two pairs of ms forceps, de Wecker’s scissors 
ins repositor 

After anassfhefismg, the eye la washed out and the speculum 
IS inserted The eye is fixed mth fixation forceps m the 
usual manner {vide p 210) The point of the Graefe knife 
IS inserted m healthy cornea just outside the edge of the 
ulcer, preferably at the advancing part where the yellow 
crescent is densest The edge of the knife is direct^ for 
wards, so that if the lois advances before the section is 
complete it will touch the back of the knife and not be 
wotmded The kmfe is passed across the anterior chamber 
until the point is seen b^ond the opposite edge of the ulcer 
The counter puncture is made in healthy cornea here, and 
the knife is pushed on so as to cut out The aqueous pour! 
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out, and canies with it mucli of the hypopyon Atropme 13 
instilled, and the eye bandaged 
If the ulcer is very large it is impossible to mahe the 
puncture and counter puncture in healthy cornea In these 
cases, too, the knife usually cuts out as it is m the act of 
passmg across the ulcer If the hypopyon is very fibrinous 
it may be necessary to pull the coagulum out with the smooth 
ins forceps 

This procedure improves the conditions of nutrition of the 
cornea and evacuates the hypopyon It is not to be advo 
cated in mild or in the early stage of severe cases but as a 
last resource it may prove beneficial 
Instead of the ordmary sublimate lotion hydrogen peroxide 
may be used Optochin or ethyl hydrocupreme, a quinine 
derivative is said to have a specific action on pneumococcic 
ulcers a 1 per cent watery solution of the hydrochloride js 
dropped into the eye frequently or it may be applied directly 
to the ulcer 

The diplobacihary hypopyon ulcer should be treated with 
21 DO salts Zinc sulphate smution (0 25^1 per cent ) should be 
used every hour or two and as ichthyol (1 5 per cent } 2 ino 
sulphate (0 5 per cent } ointment applied to the lids 

In intractable cases zinc ionisation may be used , it is specially 
useful for diplobacillar 7 cases but may be employed in others 
The method generaUv employed is by means of a direct current 
of not more than 2 milU amperes The amount of the dose is 
about ISO milli ampere seconds per zme square millimetre to each 
square millimetre of ulcer The zme 10 ns are liberated from the 
positive pole The negative pole is applied to the cheek or nape 
of the neck The positive electrode is a strip of zina 1 mm square 
and about 8 mm long and is bent to approximate the size of the 
area affected to which it is gently applied The eye is made 
aniestbetic with 4 per cent cocaine hydrochloride and thereafter 
0 5 per cent zinc sulphate is instjlJed A wisp of cotton wool is 
wrapped round the zinc to prevent injury to the tissue For 
example to an area of 5 0 so mm a current of 1 5 miUi amperes 
may be applied fop 20 seconds with a 5 0 sq mm zme electrode 
On completing the application the area treated has a greyish 
white appearance due to the deposition of zme This treatment 
may be repeated daily if necessary 

If the ulcer spreads treatment with the appropriate sul 
phonamido drug should he used (v p 693), and con specific 
protein therapy may bo of value (t p 691) 

The results of treatment of the aetexer forms of hypopyon 
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ulcer are disappointing This is largely due to the fact that 
they are seen too late In rabbits it is possible to control the 
development of pneumococcic ulcers by intravenous mjection 
of an anti pneumococcic serum, if this be used sufficiently 
early This method has been adopted m man, but usually 
fails The commonest cause of failure is the dexelopment oj 
secondary glaucoma The patients are usually elderly and 
therefore often have shallow anterior chambers In the 
absence of an ulcer one would hesitate to put atropme into 
such an eye from the dread of causing glaucoma (vide p 284) 
Now the presence of an ulcer, with the accompanymg intis 
and hypopyon, increases the risks of glaucoma from the use 
of atropme We are therefore on the horns of a dJenuna, for 
atropme will have a beneficial effect in keepmg the ins at 
rest and tending to dimmish the iritis, and therewith the 
hypopyon The routme use of atropme is therefore justified, 
but the tension of the eye should be watched much more care- 
fully than IS usually done Tf the tension nses the effect on 
the cornea is extremely bad, for it diminishes the lymph flow 
and therewith the resistance of the tissues to bactenal toxins 
It 18 mdeed a defimte mdication for prompt paracentesis or 
Saemisch’s section , otherwise the condition will go from bad 
to worse 

If there is a mucocele the lacrymal sac should be excised as 
soon as possible {vide p 654) 

Keratitis dtsciformis is probably o milder inflammation of the 
same type as hypopyon ulcer and is only rarely accompanied 
by a small hypopyon It is characterised by a central grey disc 
lying m the nudeUe layers of the substantia propna The disc 
IS sharply defined and often shows several concentnc grey lines, 
rather like a target In the centre there is usually a denser 
“ bull 8 eye ” The sbt lamp shows thickemng of the cornea 
(Vogt), and often folds of Descemet’a membrane This form of 
keratitis is not common it occurs generally in adults and is 
unilateral It is accompamed by moderate irritation, which, 
honever, persists for several weeks or months, leaving a per 
manent opacity Owing to the central situation vision is con 
Biderably mpaired There is no ulceration, but the mflammation 
IS probably caused by ectogenous infection through a defect in 
the epithelium It is, however, regarded by some as an advanced 
stage of certain cases of superficial punctate keratitis (q v ), and 
due to neuroparalytic changes in the fifth nerve (Verhoeff) 
Keratitis disciformis has been observed as a result of vaccinia 
affecting the lid margin, but is not always due to this cau«e 
It IS little amenable to treatment 
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Mycotic Hypopyon Ulcer A rare form of hypopvon ulcer 
due to a fungus the aapergiUus fumigatus, is occasionally met 
with In it the slough la dry in appearance, and is surrounded 
by a yellow line of tiemarcation which gradually deepens into a 
gutter As the name impLes thcrcisan h)’popyon Tnatment is 
the same as for other hypopyon ulcers 


Ring Abscess See p 442 

Phlyctenular Keratitis It haa already been pointed out 
that phlyctens are commonly found seated upon the limbus 
They may also occur witlun the comeal margin The fact 
must be emphasised that the disease is essentially con 3 unctival, 
and when the cornea is affected it is the conjunctival element 
of the cornea viz , the epithelium and the superficial layers 
immediately underlying it, which suffers Phlyctenular 
keratitis does not necesaanly result in ulceration so that m 
these cases it is incorrect to classify it as a purulent keratitis, 
but it IS convenient to consider the corneal manilcstatjons 
of the disease under this headmg because tbe complications 
and their treatment are similar to 


Fio 134 — Tascicular ulcer 
travell ng inwards towards 
the centre of the cornea 
(After NettJeshtp) 


those of conical ulcers m general . ~ . 

Corneal phlyctens ate localised \ 1 

infiltrations o! exactly the same 
nature as conjunctival phlyctens ^ 

They cause more pam and reflex 

blepharospasm (photophobia) than ^ 

do tbe conjunctival ones, symptoms 

which ate worse in the momuig «- J 

They may become absorbed with fio i 34 — rascicular ulcer 
out destruction of tbe overlying travell ng mwards towards 

epithelium in this case thej cause 'x® 

1 ^ . rnC . (After NettJeshtp) 

no permanent opacity The ten- ^ ' 

dency for the epithelium to be destroyed or rubbed off is very 
groat and tbe denuded surface easily becomes infected, 
usually by staphylococci {vide p 167) In this manner a 
small superficial ulcer is formed 
The corneal phlycten is a grey nodule slightly raised above 
tbe surface If the epithelium breaks down and an ulcer is 
formed the surface becomes cohered with polymorphonuclear 
leucocytes and looks yellow The subsequent course depends 
probably upon tbe nature of the infection and the condition of 
nutrition of the patient It may deepen rapidly and even 
perforate, though this is comparatively uncommon 

A very charactenstic fonn of phlyctenular ulcer is the 
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fastncuhr ulcer (Figs 72 B 134) This is a serpiginous ulcer 
which steadily creeps over the cornea usually towards the 
centre advancing slowly for weeks It is supplied by a lea«h 
of vessels which lie in a shallow gutter and follow the advance 
of the ulcer The ulcer starts near the limbus and heals on 
the peripheral side, while the central margm remains grey and 
infiltrated As longas this infiltrated crescent is ';een the ulcer 
is progtessmg It always remains superficial and never per 
forates ^^'hen healmg &ally takes place the vessels gradually 
disappear but the whole of the track of the ulcer remains as 
a permanent opacity, densest however, where the ulcer stops 

The Be\ erest cases of phlyctenular keratitis are accompamed 
by a diffuse deep lying infiltration The large greyish area 
13 dotted over with minute spots The deep infiltration may 
disappear entirely, or it may become yellow and break down 
forming a large ulcer 

Sometimes the phlyctens ate so closely packed at the limbos 
that they become conffuent and may even surround the 
cornea If they break down and form a nng uker an extremely 
dangerous conmtion is set up The nutrition of the whole 
cornea is endangered and even if total necrosis does not occur 
an extensu e perforating ulcer may be formed at the margifl 

More commonly howe\cr a continuous infiltration of the 
limbus leads to the development of superficial vessels at the 
periphery of the cornea a condition which is called j)hlycie 
nular pannus (panuus eczematosus or scrophulosus) (Plate 1 
Fig 2} Unlike trachomatouspamius (yt ) ifcshowsnospecia) 
predilection for the upper part of the cornea It is thin and 
not very vascular and usually undergoes complete resolution 
though the course is generally very tedious It is accompanied 
by intense blepharospasm 

Treatment of phlyctenular keratitis is the same as that of 
phlyctenular conjunctivitis {qv) until ulceration has occurred 
In these cases atropine is to be combmed with the yellow onde 
of mercury omtment If the latter causes much irritation or 
if the ulcer is at all deep simple atropme omtment should he 
substituted The yellow omtment is particularly beneficial m 
fascicular ulcers but may fail to stop their progress The 
crescentic infiltrate should then be cauterised with pure car 
bolio acid or the actual cautery, or the vessels may be destroy^ 
with the actual cautery Pure carbolic does not destroy vessels 
efficiently, and whenever this is desired the actual cautery 
must be used These extreme measures are seldom reqmred 
in phlyctenular keratitis H a fascicular ulcer has alread) 
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reached the centre of the cornea and hes over the pupillary 
area it is not a bad plan to allow it to progress stiU farther, 
because the opacity left by the track of vessels is less dense 
than that left at the final site of ulceration 

Ring ulcer must be treated by hot bathings, atropine, and a 
pressure bandage Some cases respond well to vitamin C 
(vzdep 23U) 

Deep ulcers and the scars left by phlyctenular keratitis must 
be treated on general principles {vide p 204) 

Phlyctenular ophthalmia is responsible for a vast amount 
of seriously impaired vision due to comeal opacities The 
disease is a manifestation of general debibty and is largely 
preventable The worst effects would undoubtedly be avoided 
if the children could be transferred to better hygienic conditions 
m the country, and steps ate now being taken to provide treat 
ment in con%aIe3cent homes for such cases 

Margmal Ulcer Apart from the nng ulcers of phlyctenular 
keratitis, ulcers not infrequently occur in this situation, 
especially m old, goaty people They are shallow and little 
lanltrated, often multiple They may be caused by the 
l^Iorax Axenfeld dtplobaciUus Sometimes they heal rapidly, 
but as rapidly recur, so that the process drags on indefinitely, 
to the detriment of the patient's health Frequently the 
ulcers become vasculansed and the vessels persist More 
serious rate forms of deep marginal ulceration also occur m old 
people, resembling the phlyctenular ring ulcer sometimes 
leading to necrosis of the whole cornea Chronic eerpigmous 
ulcer (fide p 225) commences at the margin of the cornea 
Jlarginal ulcers are often accompanied by severe neuralgic 
pains m the face and head 

Treatment Diplobacillaiy ulcera should be treated with 
zinc salts (tnde p 173) The recurrent marginal ulcers of gouty 
people are best treated by painting the ulcer with weak silver 
nitrate solution, gr v to ^ i They often heal up qmeU^ 
after this application combmed with weak antiseptic lotions 
If It fads, touching the ulcer with pure carbolic or trichloracetic 
acid may be tried Recurrence, however, can only be pre 
\ ented and that with difficulty, by constitutional treatment, 
which includes the special diets and drugs for gout, as well as 
fresh air and moderate exercise The eyes should be protected 
with smoked glasses If this treatment fails, and the ulcers 
are vascular, destruction of the vessels with the actual cautery 
IS moat likely to succeed Sometimes eserine does good m these 
cases 
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In the deep ring nicer of old people silver nitrate or the 
actual cautery may be used Paracentesis may be employed 
to avert perforation and improve tbe nutrition of tbe cornea 
E\ ery attempt should be made to build up tbe constitution 
by a nutntious diet and tonics 

Central Ulcer Symmetncal central ulcers of an extremely 
indolent type are not infrequently met with m badly 
nounshed children They probably occur here because this 
part of the cornea is farthest from the nourishing vessels They 
are quite superficial, show little mfiltration and no vasculan 
sation , they form shallow ronnd pits or facets about 2 mm 
in diameter There is bttle or no reaction, either m the form 
of lacrymation or photophobia They do not spread either 
superficially or m depth, nor do they show any tendency to 
heal llTien they finally heal they often leave clear facets 
which only very gradually disappear They appear to have 
nothing m common with phlyctenular leratitis except that 
both conditions ate indications of defective nutntiom Thev 
ore not uncommonly associated with trachoma 

They sometimes occur outside tbe centre of the cornea, and 
may perforate allowing a knucUe of ms to prolapse This 
prolapse should not be cut oB, owing to the relatively lame 
gap m the cornea, and the defective powers of repair m the 
debibtated patient 

Treatment must be directed especislly to improving the 
general nutrition A few weeks m a convalescent home in the 
country will effect more than any local treatment Atropme 
and bone lotion are used locally Trachoma, if present, must 
be suitably treated 

Keratomalaaa is a rare disease m England afiecting badly 
nourished children usually early m the first year of life The 
cc njunctiva becomes dry and show? xerotic spots {vide p 192) 

T e cornea becomes dull and insensitive , the haze increases 
aud yellow infiltrates form Finally the whole cornea necroses 
and may seem to melt away withm a few hours A charac 
tenstic feature is the absence of inflammatory reaction In 
the rare cases m which the children are old enough to exhibit 
this symptom tb disease commences with mght blmdness, 
they ate able to see much better m the daytune than in the 
dusk The children are usually extremely ill and very fee 
quently die Owmg to them apathetic condition they do not 
close the hds, so that the cornea is contmually exposed Both 
eyes usually become affected Streptococci have been found 
m the cornea and sometimes m the blood , m other ca«es the 
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pneumococcus is present Many o! the children are syphilitic. 
Lzpenments on animals tend to shou that the disease is due 
to the absence of fat soluble vitamin A m the diet 
Treatnimt must be directed to the genera! health and en 
vironment Cod liver oil should be given or rubbed into the 
shin Halibut liver oil, 10 to 20 drops a daj, or carotene in 
oil, 40 to 00 drops a day, are elScient substitutes for cod liver 
oil Subcutaneous injections of large quantities of normal 
saline solution are henedemt The hds should be hept closed 
under moist varm compresses The nutntion of the cornea 
13 sometimes benefited by the use of esenne 
Atheromatous Ulcers occur m old dense leucoroata, espe 
cially such as have undergone degenerative changes resulting 
IQ the formation of hyaline fibrous tissue and calcareous 
deposits Such scars have little vitality, and the deposits act 
as foreign bodies They readily succumb to mfection, the 
epithelium being badlv nourished ^VheD ulceration once 
begms it ptoceeus rapidly and deeply, vntb little or no effort 
at repair Pcrfontioa tales place, and is often foUoued by 
piuophthalmitis 

Tr&itment The eye is frequently blmd and disfiguring 
In such cases it is well to excise it at once, thus rebeving the 
patient of much unnecessary misery If it is worth saving the 
condition must be treated on general prmciples 
Keratitis e Lagophthalmo occurs m eyes insufficiently 
covered by the lids Ihe epithelium of the exposed cornea 
becomes desiccated and the substantia propria hazy Owing 
to the drying the epithelium is cast off, and the cornea falls a 
prey to infective organisms 

Ihe condition is due to any cause which may produce lagoph 
Ihalmia, eg , extreme proptosis as m exophthalmic goitre or 
orbital tumour, paralysis of the orbicularis, and so on Tyo 
absence of reflex blinking is an important factor, as well s 
defective closure of the lids during sleep Patients extremt^v 
ill from any disease are liable to this form of keratitis 

Trcatmait consists in keeping the cornea well covered In 
mild ca^;s it is suSicicnt to bandage the eyes at night If 
iUftsiflvivl" AK*' vOtuisr Alv? ea'jwsuw .wuy»t Ju Jirorsnad Av Ahi* 
meantime it may be necessary to keep thu lids closed with 
plaster md a bandage, or partially to sew them together (tide 
p 227) 

Chrome Serpiginous Ulcer (Syn — Itodenl Ulcer, Mooren s 
Ulcer) This is a rare superficial marginal ulcer, usually occurring 
in elderly people, and spreading, if not checked, over the whole 
cu. or in. 8 
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cornea It commences by one or more grey infiltrates These 
break down, forming small ulcers, which spread amd sooner or 
later coalesce The ulcer undenmnes the epitheliuim and super 
ficial lamellae at the advanang border, forming a w'.btish over 
hanging edge, which is very characteristic The ba'sse becomes 
qmckly vasetdansed It never perforates hut goe^ on with 
mtermissions for months, until eventually a thin nebula is formed 
over the whole cornea, and aight is much dimimsbed ' There is 
sometimes intis, and very rarely a small hypopyon In about a 
quarter of the cases both comes are affected, but not always 
simultaneously The cause is unknown 

Trealment The overhangmg edge should be cut off with 
scissors, and then the whole surface of the ulcer, and especially 
the margin should be well cauterised with the actual cautery, 
or with trichloracetic acid (10 — 20 per cent ), and covered by a 
conjunctival flap A few cases bare responded to repeated applica 
cations of absolute alcohol to the ulcers, to zinc ionization 
followed by covering with a conjunctival flap , or to /S rays {vide 
p 187) More commonly treatment fails to stop the proceM, 
which has even been known to recur in the cicatrised cornea 
Neuroparalytic Keratitis occurs in some cases in whteh the 
fifth nerve is paralysed It is relatively rare m nuclear and 
fascicular lesions withm the central nervous system, unless 
the facial nerve is simultaneously involved Kor does it occur 
in ail cases of peripheral lesion , thus, if the Gassenan ganglioa 
is removed or the fifth nerve injected with alcohol for trigeminal 
neuralgia with proper precautions only a small proportion 
of the cases get neuroparalytic keratitis The disease has been 
known since the tune of Majendie, and was attributed to 
special trophic impulses conducted by the nerve This theory 
was combated, and the view advanced that the condition 
depends upon the loss of sensation m the eye As a result, 
reflex blinking is more or less abolished, rnmute foreign 
bodies are not felt and therefore not removed, abrasions are 
unnoticed and untended, so that ulceration is readily induced 
and pathogenic orgamsms have free play Neither of these 
theories satisfactorily accounts for the facts It will be "een 
that the disease of the cornea imually has a very charactenstic 
nature, quite olifhrentitonnJde mberation otnegibctteitnijuins? 
It 13 probable that the disease is due to irritative changes m or 
about the degenerating nerve, and that mere section or 
paralysis of the nerve is unable to produce the disease in the 
absence of sucb imtative conditions Some hght has been 
thrown on the “ trophic ” function of sensory nerves by tb® 
workof Krogb, Dale, Lewiaand others (tide p 17) Theyhave 
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sbown tliat aatidroauc jra/omi upon the cornea quite similar 
large part m the automatic ay be present, but are not always 
tissues Bupplied by these neithe nose The patients are usuallj 
outputofiustamme Iikeeubs* condition, eg, mfluenza, pneu 
slvin and other lesions, such" » but it may be bo trivial as to 
the other hand, the importaCJunes occurs after typhoid mocu 
shown by the fact that keraUrccly the size of a pin’s head and 
of both fifth nerves WhcnA’droups They quickly rupture, 
sensual reflex from the other eye aflPidly/ leavmg no opacity 
the disease is more lik^y to occur tJ' and the con* 

paralysis of the orbicjfians palpebrarum ulcers are 

Besides these cagis which result from radical ftea^ ^ 

*Treat 
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tngemmal neuralgia, neuroparalytic keratitis is caused by 
intracraiiial tumours, gummatous basal menmgitis, and 
fractures of the skull (See Chap XXIX ) 

The charactenstic feature of neuroparalytic keratitis is the 
desquamation of the corneal epitbeiium The surface of the 
cornea becomes dull, and the epithelium is thrown off, first 
at the centre, then over the whole surface except a narrow 

off intact The substantia propna then becomes cloudy and 
finally yellow, breaking down into a large ulcer, which is 
usually accompanied by hypopyon There is no pam, owing 
to the ana^thcsia, but ciliary injection is marked A large 
perforation occurs if the case is not speedily treated In any 
case the rcsultmg leucoma is generally so large as to destroy 
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cornea It commences by one oj-nle the healed scar miicUy 
break doirn, formmg email nlccHoJe process beiijo repeated 
later coalesce The nlOT ganglion sensation 

ficial lameJJ'e at the advancing bo o o 

‘37 S^dafel ' "’ 1 “? f “tf 

intermissions for months. nnt.lev'*l ‘“S 

over the whole cornea, and sighi‘^S® Improvement is often 
sometimes iritis, and very m* *® relinquished the ulcera- 
quarter of the cases both ^ ^ tt is best to suture the lida 

simultaneously itur«i\ for a long period only 

Treaiment ^i!when the toudit n orv^e weather— warmth, 
scis^Sjr'VTgh wmds, and o on—ar^ f^''^\urahle 
*Vtf*anfesthetic is neces«arv ration is lost in the 

Kijunctiva and lids Theoiucm ™^*^?bnine is dissected up 
rom the margin of the lower Ul 'ya^^osteribr to the Ia«les 
ver rectangular areas abo c 6 mm long on each side of the 
nddle of the lid The edge of the upper lid is «unilai!y 
reated at the corresnondmg positions Two mattress <utiire« 
re then passed though nibbersheetondthesLinsothotthe) 
ome out at the postt-^rior edge of the bare surface (Fig ISo), 
uot on the posterior surface of the lid where they would rub 
aramst the cornea After bemg similarly earned through the 
ekm of the other bd and robber they are tied, the fro^cned 
surfaces bemg brought into contact In a few days, if the 
stitches have not tom out, the bds wiU be firmly adherent 

The beneficial effect of suturmg the hds on neuroparalytic 
Leratitis is very striking If, as often bandagmg fads tarsor 
rhaphy will invanably succeed in stoppmg the proce*^ Even 
if an hypopyon ulcer is present cicatrisation rapidly takes place 
and the hypopyon disappears Recurrence of the keratitis 
however, very frequently happens if the hds are separated, 
even after many months 

In the worst cases the eye is useless, and tends to become 
a source of perpetual trouble It is then best to excise it 
which may be done without any aniesthetic if the ophthalmic 
branch of the tngemmal nerve is completely pataly=e(L 

Non suppurative Keratitis This occurs in two type", 
superncial and deep The superficial forms include some 
purely symptomatic conditions such as pannus Some of 
them, such as herpes, may lead to the formation of ulcers 
and pass into the pumlent type The deep forms never 
suppurate 

Herpes Comes Herpes of the cornea occurs mo«t com 
monly in herpes febnlis, more rarely in herpes ophthalmicus. 
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In herpes febrilis vesicles fonn upon the cornea quite similar 
m nature to those which may be present, but are not always 
so, upon the lips or angle ol the nose The patients are usually 
suflewng from some fcbnle condition, e g , influenza, pneu- 
monia, vhooping cough, &c , but it may be so trivial as to 
escape observation It sometimes occurs after typhoid inocu- 
lations The vesicles are scarcely the size of a pin’s head and 
ore often arranged in rows or groups They guickly rupture, 
forming abrasions which heal rapidly, leaving no opacity. 
Usually, hoviever, fresh crops of vesicles appear, and the con- 
dition may prove very obstinate In severe cases, ulcers are 
formed which may be of dendritic type, or may be due to 
secondary infection The acute stage is accompanied by great 
imtatioD, lacrymation, and blepharospasm The ocular affec 
tion u usually \imlateral and on the same side of the face as 
vesicles on the bps, Lc The cornea is generally not anicsthetic 
except at the spots attacked 

Herbies come© may bt- mistaken for phlyctenular keratitis 
The former occurs usually in odults, the latter in children 
The clear vesicles differ in appearance from the grey infiltra- 
tions of phlyctenular 1 eratitis. After the vesicles have burst, 
the shape and the total absence of vasculansation are distin- 
guishing features They are then liable to bo mistaken for 
traumatic abrasions, from which they ore distinguished by 
their grouping, the crenated edges w ben several hav e coalesced, 
persisting shreds of the ruptured 
vesicles, and the absence of history of 
any injury 

The commonest form of herpes 
come© IS the Di.ndrUic Ulcer In it 
the vesicular stage is rarely seen, the 
epithelial wall of the vesicle being 
quickly broken Minute shallow clear 
facets like abrasions, are found m the 
first stage 1 hey may be easily over J:<j — UmdrUc 

looked They generally cause much somewiui am 

pain, lacrymation nnd blepharospasm, grammatic 
i!Avy rmiy spmtif m nE tftrKOfttcHEr, courihscitTg’ vfiotiV \rfA\rre- 
and forming n large shallow ulcer with crenated edges More 
often grey stri© extend m one or more directions, increase 
inltngdi and send out lateral branches, which are generally 
knobbed at the ends (Fig 130) In this manner a dendritic 
figure not unlike a Inenvort, is formed The surface over 
the infiltrates breaks down and an extremely irntatmg and 
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chronic type of ulcer is produced Generally only one or two 
of the infiltrates stains with fluorescein at any giren time, 
but fresh spots ate contmoally being formed It is often 
associated with frontal neuralgia Such an ulcer may persist 
m spite of treatment for weeks or months, sendmg out 
fresh branches hut never extendmg m depth The disease 
not infrequently recurs 

Dendritic ulcer is really a manifestation of herpes febrilis 
It sometimes occurs after prolonged treatment with arsenic^ 
and also in subjects of malaria 

Treatmetit In herpes comeie the eyes should be protected 
with a banaage When the vesicles have ruptured, atropme 
and warm compresses give most relief It is sometimes 
necessary to use pautocain when the pam is acute Oily 
apphcations— ol ricim, or parolem — are sometimes gratefuL 
Prolonged ulceration most be treated accordmg to the typp 
of idcer, whether dendntic or septic The general health most 
be attended to, quinine, ^atenan saltcyclic preparations, 
e g , salicylates, aspirm, Lc , are useful 

Dendntic ulcer may be carefully cauterised with iodine (7 
per cent lodme and 5 pet cent potassium iodide in alcoholic 
Bolntion) on a swab, followed by mstillation of pantocam, bnt 
pure carbolic acid is more efficacious Absolute alcohol has 
been recommended for the purpose m these cases, but causea 
much pam after the pantocam has ceased to act If caustics 
fail to stop the progress the actual cautery should be used 
Atropme Ac and a pad and bandage are used, but m many 
cases it is advisable simply to use smoked glasses and get the 
patient out m the fresh air as much as possible Sometimes 
for no known reason eserme is successful when atropme has 
failed to produce a good result The general health must not 
be neglected, especially as the patient often becomes very 
depressed 

Ultra violet hght treatment has proved efficacious m some 
cases , the reaction is mcreased by previous instillation of 1 
per cent fluorescem 

Good results have been obtamed by the administration of 
vitamm C (ascorbic acid) It should be given mtravenonsly 
on alternate days from “ Roche *' ampoules contamir^ 500 
miUigrams Generally 4 to 6 mjectioos suffice, but shoiDd bw 
followed by 2 tablets of 2o0 milhgrams by the mouth three 
times a dav 

Superficial Punctede Keratilxs is an uncommon condition 
allied to herpes febnhs, and, him it, usually associated with 
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influenza or catarrli o{ tlie respiratory tract ; but no vesicles 
are formed. It commences as an acute conjunctivitis At 



Fio 137.— Diatnbutloa of the branebos of the ophthalmjo dirision of 
the fifth oerro on the laoe 



Fio 13S — Herpes ophtbalmicQS 

this stage, or alter it has pawed off, groups or rows of super- 
ficial, slightly raised, grey dots are seen scattered over the 
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cornea least at the petiplieiT They may or may not sfauj 
faintly with fluorescein They may remain unchanged for 
months, but gradually disappear some cases, however, pass 
on to disciform keratitis (jv) The disease affects one or 
rarely both eyes usually m joung people, and is accompanied 
by irritation and lacrvmation m the early stages, with some 
defect of vision m the later Unlike recurrent erosion of the 
cornea {q t ), which may occur m similar circumstances without 
known trauma, it does not recur An acute superficial 
punctate keratitis occurs in epidemic form m India 

Treatment as for herpes In herpes ophlhahitcus one or 
more of the branches of the ophthalmic division of the 
fifth nerve (Fig 137) is marked out by rows of vesicles 
or the scars left by them, exactly as m herpes zoatcr m 
other parts of the body The supra-orbitai, supra and 
infra trochlear branches are nearly always involved, 
frequently the nasal branch only rarely the mfra-otbital 
branch It is very rarely bilateral There mar be fever and 
malaise at the onset and the eruption is preceded by severe 
neuralgic pains along the course of the nerve" The<e ate so 
charactenstic that they should arouse suspicion of the n'ltnre 
of the disease before the vesicles appear The pam sometimes 
ceases after the outbreak of the eruption, but not always, and 
it may continue for weeks or months The skin of the lids 
and other areas affected becomes very red and cedematous so 
that the disease is often mistaken for erysipelas The charac 
tenstic distnhutioa and especially the strict limitation to one 
side of the middle Ime of the head should obviate this error 
The vesicles often suppurate, bleed and cause small permanent 
pitted scats The active eruptive stage lasts about three weets 
and IS followed by some amesthesia of the skin Ocular 
compbcatiDus arise duruig the sul^idence of tie eruption, but 
may be overlooked during the acute stage owing to the difficulty 
m examining the eye 

With the sbt-lamp rounded spots, composed of minute white 
dots, which fuse mto ur^ular areas, are seen Vesicles are 
rare, bat when they occur are exactly like those of the febrile 
form, and behave in the same manner More commonly 
there is a diffuse deep infiltration of the cornea [leraMs 
profunda), associated with mdocychtis (qt) The cornea 
IS usually insensitive This is tested by touching it with 
a wisp of cotton wool, and companng with the opposite 
eye The sbghtest touch is followed by reflex closure of tic 
lids if the cornea is sensitive The mtraocular tension is not 
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infrequently somewhat dimimshed in the early stage The 
eye lesions are very obdurate and often persist long after the 
disease has otherwise passed away In some cases there is 
associated paralysis of motor cranial nerves especially the 
third, sixth and seventh It usually passes off within six 
weeks Tacial palsy adds seriously to the risk of the eye, 
owing to its partial exposure 

Apart from permanent scarring of the cornea and the evil 
effects of iridocyclitis, anscsthesia of the cornea may persist 
for months Nodules of sclentis may occur about two months 
after the disappearance of the rash (Doggart), and patches of 
atrophy m the ins are common Quite acute pam, with 
impairment of sensitivity, may persist m the affected skm for 
months or even years 

Herpes ophthalmicus occurs at any age, but generally in 
elderly people. Not mfrequently tiiere is a hi'tory of contact 
with patients suffenng from chicken pox, and evidence is 
accumulating that the relationship la more than a mere com 
eidencc It may account for the fact that herpes zoster is apt 
to occur m epidemics, which are more common m the spring 
and autumn than at other times 
The disease is due to lesions m the Gassenan ganglion of the 
same type as those found in the posterior root ganglia m herpes 
zoster, t c , microscopic thromboses and hnimoiThages similar 
to those found in the anterior comual nuclei m anterior poho 
myelitis This disease shows many analogies on the motor 
Side to herpes zoster and there is some evidence that posterior 
poliomyelitis is associated with the posterior root lesions of 
herpes (Lliermitte) Probably both are caused by infection, 
the lesions being due to a virus Herpes ophthalmicus has been 
known to follow involvement of the Gassenan ganglion m a 
malignant growth, gummatous meningitis or arsenic poisoning 
e g . with salvarsan The cases associated with motor palsies 
usually the 3rd nerve, and rare cases with optic atrophy, are 
also probably cases o! symptomatic herpes and not due to the 
herpes zoster virus In ail cases tboakin fesion is probably due to 
antidromic impulses liberatmg bistamme like bodies, and the 
spread ol'fhc vaso-clilatation may we/i'oc due to axon re&exes 
Treaiment The eye should be carefully examined in every 
case of herpes ophthalmicus, the hds being separated by 
retractors if necessary Oily drops or parolem and atropine 
should be instilled Keratitw and iridocyclitis must be treated 
m the usual manner The akin may be treated with cocaine 
ointment (1 per cent ) and dusted with starch powder Qumine 
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is generally given internally and aspirin to rel^e^e the 
If the pam is severe it mav be relieved by intramu 
injection of pituitnn The patient should be kept ii 
during the acute stage 

In acne rosacea, generally in elderly women, keratitis asso 
with much imtability and lacrymation may occur. In ad 
to slight muco-pnrulent conjunctivitis (vide p 149), greyish 
infiltrates and email ulcers appear in the cornea They arc 
intractable and frequently recur In severe cases there is also 
The local treatment should be similar to that for phlyctc 
keratitis, and calomel insufflation gives good results , 
appbcation (one third of an erythema dose) of S rays has 
found beneficial (Greeves) , the essential treatment, Lower 
that of the skm coadittoa, which, combined with suitahk 
alone ensures freedom from relapses 

Interstitial Keratitis {Syn — PaTenehymafous Keraiilis) 
deep keratitis usually affectiog children between the ag 
five and fifteen, the subjects of congenital syphilis 
commoner in girls than bop 
After slight irritative symptoms, with some ciliary 
gestion, one or more hazy patches appear in the cornea, 
the margm or towards the centre (Plate VII , Fig 1) If 
are near the margm they push forwards towards the cer 
if at the centre, others appwr and fuse, until finally the u 
cornea looks lustreless and dull Minute eiamination si 
that the patches are in the deep layers and are made u 
denser spots and fine streaks In two to four weeks the w 
cornea is hazy with a steamy surface, giving a general apf 
ance like that of ground glass Denser spots can alway 
seen m the general mist In the severest cases the w 
cornea becomes quite opaque, so that the ins is hidden , 
rule the ms can he seen dimly 
Meanwhile vasculansation has occurred It is of deep 1 
(vide Fig 71, p 91), consistmg of radial bundles of brush 
vessels The larger marginal plaques may be very vascui 
as they are covered by a layer of hazy comta, their bn 
scarlet is toned down to a dull reddish pink (“ salr 
patefies ■')' The separate vessels can only fie seen fiy nraj 
fication The small salmon patches are often crescent 
when larger they are sector shaped The opacity extend 
little beyond the vessels, which seem to push the opacity 
front of them In the acme of the condition the vessels rur 
radial bundles almost, but seldom quite, to the centre of ' 
cornea Vasculansation is probably brought about for ' 
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supply of protective substances which cannot reach the cornea 
by the normal process of diffusion There is often a moderate 
degree of superficial \asculanaation, greater m some cases 
than m others, but never extending far over the cornea The 
conjunctiva may be heaped up liVc an epaulette at the limbus, 
80 that some slight resemblance to phlyctenular keratitis may 
be seen Indeed it is probable tluit these patients are both 
syphiUtic and tuberculous 

After the disease has reached its height it commences to 
subside The cornea clears from the margm towards the 
centre, which may long remam hazy, though it too finally 
clears except m the worst cases As the cloudiness disappears 
the vessels become obliterated, but though they cease to carry 
blood they remain permanently as fine opaque lines , they 
can be demonstrated only by magnification either with oblique 
illumination or more definitely by the direct method {vide 
p 122), or avitli the sht lamp The cornea should be examined 
in the dark room by oblique lUununatiOQ with a corneal loupe, 
when the acsscla will bo seen as grey hues on a black back- 
ground It should then be examm^ by the direct method 
with a -f 20 D lens behind the mirror The edge of the pupil 
IS brought into focus, and then either the head is withdrawn 
slightly or plus lenses ace added, the head bemg kept still, 
until the cornea is m focus The vessels will then be seen as 
bhek lines against a red background The characteristic 
radial coarse and distribution (vide Tig 73, p 91) affords 
permanent proof of previous occurrence of interstitial keratitis, 
and fs important evidence of congenital syphilis 

At the height of the disease vision may be reduced to finger 
counting or hand movements and there is much lacrymation 
and reflex blepharospasm Very mild caeca are met with m 
which the patches of cloudiness are thin, scarcely vasculansed 
at all, and clear up qmcklr In the marginal type the opacity 
may be limited to a sector 

Ihe surface very rarely becomes ulcerated It is frequently 
stippled, steamy and slightly uneven, and this condition may 
persist In the worst cases the cornea may he enormously 
thickened and gelatmous in appearance The impression 
given is that the cornea is very ectatic and that the eye is 
m a hopeless condition it will probably clear up well with 
useful a ision In no case must an eye be remo% ed on accoimt 
of interstitial keratitis 

Interstitial keratitis is almost invariably symmetrical 
though an interval of three or more weeks usually intervenes 
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before the onset in the second e^. Rarelj' the interval is 
several months or even years. The acute stage lasts at least 
sLv weeks and may extend to several months. The clearing 
of the cornea takes many weeks or months, but not much 
improvement can be expected after eighteen months. Delayed 
interstitial keratitis, t.c., in patients over thirty, occasionally 
occurs, and is more liable to be unilateral ; it is often very 
severe. Interstitial keratitis >n acquired syphilis is uncommon, 
though probably not so rare as is generally thought ; it is also 
generally unilateral : several cases have been reported in 
which the primary lesion has been on the lids or face, and the 
keratitis has been limited to the same side. Most of the 



Flo. 139. — Section of LateistitJa) Iferatitis. shoeing infiltratioa confined 
to the deeper lajeis of tbesubstaoti* propna ( X 60). epithelium; 

£.m., Bowos&&*a membrane ; S.p., enbstAa^ piopiift ; D.m., i^es* 
comet's membraae «ith eadotheUum. 

reported cases have occurred about two years after the 
primary sore, but the interval may be much shorter or 
longer. 

There is evidence of relatively high mortality among the 
children of mothers who have had interstitial keratitis. 

In some cases interstitial keratitis follows an injury to the 
eye, such as a blow or operation, c.p., tenotomy. I have seen 
it follow an attack of phlyctenular conjimctivitis. Apparently 
the injury acts as an exciting cause in a subject naturally 
prone to the disease, usually a congenital syphilitic. 

Pathology. Microscopy daring life with the slit-lamp shows 
haziness (“ bedewing ”) of the cpithebum, probably due to 
cedema, cloudy opacities in the ^ep layers of the substantia 
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propna, and thickening of the cornea Folds of Descemet’a 
membrane and precipitates on the poatenor surface sometimes 
appear at a very early stage Iiater, deep vessels of charac- 
teristic distnbution are seen Resolution is accompanied by 
definite thinning of the cornea 

The rare cases of interstilial keratitis which have been 
e’carained anatomically show that the infiltration of the cornea 
IS almost entirely limited to the deeper layers lying immediately 
antenor to Descemet’s membrane (Fig 139) 

It has been pointed out that comeal conditions which are 
secondary to conjunctivitis are superficial Similarly deep 
keratitis is secondarjr to disease of the uveal tract Thus, 
in tubercle of the ins [qv) it is not uncommon m the late 
stages to meet with an interstitial keratitis fundamentally the 
same as in congemtal syphilis Further, anatomical investi- 
gation has shown that m the latter form the uveal tract is 
profoundly affected. Thus, it is the rule for a considerable 
degree of intis to be present Sometimes there is severe 
cychtis, as shown by the presence of precipitates {‘‘keratitis 
punctata,” vide p 271) on the back of the cornea Not mfre 
quently there is choroiditis If the pupil of the unaffected eye 
IS dilated and the penpheir of the fundus carefully examined, 
patches of antenor choroiditis will not uncommoruy be found 
All these facts support the view that the disease is funda- 
mentally a uveitis, and that the keratitis is secondary, t e , 
merely symptomatic Clinically it masks the uveitis, which 
IS thus liable to be overlooked, and hence the disease is called a 
keratitis It is very important to reahse the true pathology, 
since treatment must be directed to avoiding the deletenous 
results of indocyclitis rather than those of keratitis 

The earliest mamfestation of indocyclitis can be demon- 
strated in the second eye at the onset of mfiamination m it If 
fluorc’^cem is repeatedly instilled it becomes absorbed like 
atropine, Lc Careful examination will then show a greenish 
marblmg at the back of the cornea, due to changes m the 
endothelium lining DescemeVs membrane Thu does not 
occur in the normal eye 

It IS probable that anaphylaxis plajs some part in the patho- 
genesis of interstitial keratitis OVessely, von Szili), and may 
account for the occurrence, after a latent period, of the disease 
m the second eye 

Mtxologtj It has already been stated that nearly all cases 
which are not obviously secondary to tubercle of the ins, Ac. 
—and these are rare — are due to congemtal syphilis Many 
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surgeons, Lo^re^er, consider that interstitial keratitis is not 
infrequently due to tubercle Owing to the importance of 
diagnosing congenital syjdalis m doubtful cases the pnncipal 
signs of this complaint may be enumerated 

(1) General features Prominence of frontal eminences, 
flatness of the bridge of the nose, breadth of face, stupidity or 
undue precocity, deafness 

(2) Hutchinson’s teeth (Figs 140-145) There is nothing 
charactenstic m the first dentition In the permanent teeth 
only two, the upper central incisors, are to be relied upon, 
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Fios. 140 to 149 — Hatchiosoas tc«tfa 


but the other mcisois and first molars are often deformed 
The characteristic change m the central upper incisors appears 
to depend upon defective formation of the central lobe (Dgs 
141, 144, 145) Soon after eruption this lobe wears away, 
leavmg a vertical notch at the centre of the cuttmg edge 
(Fig 140) If the cause has acted so intensely as to prevent 
the development of the central lobe, there la, instead of a 
notch, a narrowing and thumii^ of the cuttmg as com 
pared with the crown, and this accordmg to its degree produces 
a resemblance to a screwdriver or peg {Figs l42, 143) The 
teeth are too small m every dimension, so that the incisors are 
separated from one another by considerable spaces In 
extreme cases all the incisors are peggy and inuch dwarfed 
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The changes are usually symmetrical, hut Fig 144 shows one 
tooth t 5 T)ically deformed and the other normal 

(3) Lmear cicatrices, relics of former rhagades, ate met 
with at the angles of the mouth Cicatrices on the hard or 
soft palate or elsewhere m the mouth pomt to antecedent 
syphilitic ulcerations 

(4) Shotty, painless, lymphatic glands are felt m the neck, 
especially m the postcnor triangle 

(5) Hard periosteal nodules, best found upon the shins, and 
chronic synovitis of the joints, especially the knee joints, may 
be present 

Evidence of acquired sj’philis may be sought m the parents, 
e g , history of imscarriagca, &c In cases of doubt, the 
Wassermann test should bo apphed 

M already mentioned, interstitial keratitis also occurs m 
acquired syphilis, and it has been attributed to malaria, 
myrmdema, trypanosomiasis, &c It frequently occurs in 
foxhounds and other higlily bred dogs, and I have seen it m 
doOT after the thyroid gland has been removed 

TreaUncnl It is usual to order antisyphihtic remedies, but, 
as in parnsyphthtic diseases of the central nervous system, 
it IB doubtful if they have any influence over the course of the 
disease, partly because the cornea is con vascular Mercuir 
inunctions, or powders or pills of mercury combined witn 
chalk and ipecacuanha or petchloride of mercury may be 
given lodiae is best administered to children in the form of 
syrup of iodide of iron, and may be combined with syrup of 
phosphates as a tome Sal\ arsan and itssubstituteshave proved 
disappomting The administration of thyroid gland has proved 
serviceable m some cases Cod liver oil or maltme may be 
used when there is a tuberculous element about the condition, 
and m all cases general hygienic regime must bo instituted 

Local treatment consists m guai^ng against the evil effect 
of the uveitis which is an invanable accompaniment of the 
disease Atropme is ordered as a routme measure, with the 
double purpose of keeping the ciliary body and iris at rest 
and preventing the formation of posterior synechiae There 
13 often great diQicuUy m getting the pupil to dilate, probably 
owmg to cfclecfiv e penetration of tfie drug through the diseased 
and vasculanscd cornea Hot bathings or radiant heat should 
be used frequently m the acute stage In obstinate cases 
with much lacrymation and blepharospasm, especially if the 
pupils will not dilate with atropine, leechea apphed to the 
temple do good (vide p 26S), ormydiicam (tide p 692) may 
be tned Smoked glasses arc ordered 
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In some cases pain and blepliarospasm are so severe that 
no relief is obtained by the usual measures The retro-ocular 
injection of I 5 c.c. of no^ocam (4 per cent } into the region 
of the ciliary ganghon, followed seven minutes later by 1 c c 
of alcohol (40 per cent) is effective A fine needle, 6 cm 
long IS passed along the junction of the lower and outer trails 
of the orbit for 4 cm and is then turned medially and upwards 
for 1 cm The plunger of the sjrmge is withdrawn shghtly to 
ensure that it has not entered an orbital vein The mjections 
are made slowly, and a firm pad and bandage apphed Tbe 
pam and blepharospasm are rebeved. Vascular congestion 
much reduced and the child is able to tolerate hght In some 
cases symptoms recur after two wedv3, and a testimony as to 



the efficacy of the treatment is that the child may ask for 
another injection No ill effects have hitherto occurred 
In later stages tbe means used for clearing comeal cicatrices 
(tide p 206) depending essentially upon unprovmg the lymph 
flow through the cornea, are also indicated for the opacities 
of interstitial keratitis Prolonged use of yellow oxide of 
mercury omtment, combmed with atropine in the earlier stages, 
IS commonly made it should be well massaged mto the e^ e 
Other forms of deep keratitis, eg , the central deep kera 
titis of adults, semie maigmal deep keratitis, sclerosing 
keratitis (vide p 252) occur. 

EtralUis projiinda is the name given to a central deep mfiltra 
itOD of tbe cornea of indefinite origin Sneh a condition occurs 
after contusion of the eye, and m this ca,«e usually clears up 
rapidly In other cases a deep grey opacity, seen on magmfica 
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lion ■with the loupe to he compo^ of dots and stnai, occurs in 
the centre of the cornea in adults There is little irntation, and 
vetylitne if anv, vftscuUri'atirtn Itbe^instoclearupafterfourto 
eight wee>v3 but may lea\e permauenl diffuse opacities It has 
beeu attributed tn cold, malaria, and other causes It should be 
treated with the same local remedtea as for interstitial keratitis 
Iieraiifis marfftmlis profunda occurs rarely in old people, com* 
mcncing as a grepsh yellow mfilttation, one or two millimetres 
broad, continuous with the sclera It is usually Lmited to the 
upper p^rt of the cornea, bat occasionally forms a complete ring 
The alight irritation subsides in a week or two, leaving a permanent 
opacity, resembling arcus semlia, but unlike it, continuous with the 
sclerotic 

Deoeverative Chances in the Cornea 
Arcus senilis is a fatty degeneration of the cornea met with 
m old people (Fig 146) It commences as a crescentic grey 
line concentric with the upper and lower margin of the cornea 
The cttremtties of the crescents finally meet, and an opaque 
Ime, thicker above and below, is formed completely round the 
cornea It is charactensed by being separatea from the 
margin by a narrow line of comparatively clear cornea It 
>s sharply defined on the peripheral side, fading off on the 
central It is neser more than about 1 mm broad, and 

IS of no importance, either from the pomt of view of 
vision or of the vitality of the cornea 
Arcus juvenilis is exactly similar to arcus ReniUs.hut is a rate 
condition found m children Tven aicus senihs maydevelop ata 
compnratiN ely early age, but the juvenile condition is probably con- 
genital It IS of no importance The characteristic diagnostic 
feature of both these opacities is the presence of a line of cleat 
cornea between them and the bmbus This is occasionally found 
in old sclerosmg keratitis, but 
in this case the opacity is 
usually localised to some one 
part of the cornea and extends 
farther towards the centre 
Band-shaped Opacity {Sun. 

—Transterse Calcareom Ftlm, 

Zonular O/wcjry) This is a 
common condition in old, 
blind, shrunken eyes It is 
due to defective nutrition 
and exposure It lies entirely 
in the interpalpcbral area, 147— Band shaped opacity of the 

commencing at the inner and cornea from aneje T^ithmdooychtui. 
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outer sides, and progressing until it forms a continuous band 
across the cornea (Fig 147) Near the corneal loops, ju^t 
inside the limbus, the cornea is generally relatively clear, as m 
80 many degenerative conditions — ^probably owing to the better 
nutrition cluse to the blood vessel The condition is due to 
hyaline degeneration of the anpetdcial parts of the substantia 
propna, followed by the deposition of calcareous salts 

AH a rare condition it is found m otherwise healthy eyes, 
sometimes as s honzontally oval area m the palpebral fissure, 
usually in both eyes 

Trealment In the rare form last mentioned, improvement of 
vision may be obtained by scraping off the opacitv, which is 
usually calcareous and quite auperliciaL In the common form 
the eye is blind, and nothing remains but to remove it if it is 
painful or onsightly 

Other Degenerative Changes ate frequently met with in 
old lencomata, antenoc staphylomata, and so on They 
consist of hyaline degeneration calcification, Such scars 
are liable to a senous form of ulceration (nde p 225) 

Hare degenerative conditions are noduhr and reticular (gnll or 
lattice<bke) opacities They occur as a fsmibal disease, usually 
picking out the young males of a familv and commencing at about 
the age of ten or twelve Opaque dots or forked lines appear 
under the epithebum m the centre of the cornea and slowly 
increase in number, but never invade the ting of cornea close to 
the margin. There is bttle infiammatory reaction and the cause 
IS unknown Vision is gradually 
obscured and treatment is of bttle 
avail I hare seen grey moasbke 
opacities, apparently of similar 
nature, with the same distribution 
ID the come® of elderly people. 
Examination with the sbt lamp 
shows that some of these cases 
have thickened corneal nerves aud 
nodular swellings of the netre- 
endings Others show folds or 
ruptorea of Bowman’s membrane 
PiQ 148— Se^e msipnsl Senile maTaindL atrophu, in vihich 
a guc'^c ibtms in the periphery o/ 
the cornea in the sitnation of an arcus senilis, occurs rarely in 
one or both eyes of old people The gutter may become cctattc 
(Fig 148) 

Ectatic Conditions 

It has abeady been stated that ectatic conditions of the 
cornea mayresiilfc frommfiammation, viz , keratectasia (itde 
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p 201), and anterior staphyloma (ladc p 203) Two forma of 
ectasia of noninflammatory ongm are knoivn, \iz, kcrato- 
conus and keratoglobus 

Anterior Staphyloma is a protuberant cicatrix ansmg 
from a prolapse of the ms, it may be partial or total 
(p 203) It may follow a perforatmg wound, but is usually 
due to perforation of an ulcer, especially such as is caused by 
opbthamio neonatorum The primary protrusion occurs at 
the moment of prolapse Cicatrisation follows, and m the 
case of small prolapse may lead to flattcnmg of the scat In 
other cases of small, and m all cases of large, prolapse the con 
traction of the scar tissue is insufficient to brmg this about, 
and the soft cicatnx joelds to the normal intraocmar pressur* 
Generally the prolapse of the ms leads to blocking of the 
angle of the anterior chamber, the mtraocular tension nses, 
and the cicatnx yields atiU more, or if it was previously flat, 
secondary protrusion takes place 

Partial staphylomata are usually conical rarely herai 
^herical , they usually extend to the margm on one side 
Total staphylomata are usually hemisphencal, rarely conical 
There is invariably a rim of cornea around the pseui^o cornea, 
this nm being well nounshed by the penpberal blood vessels 
and never necrosmg through ulceration The thickness of the 
staphyloma vanes very greatlv m diflerent cases, and often m 
different parts of the same staphyloma In the latter case 
bands of cicatricial tissae develop, while the intermediate parts 
project , m this manner a racemose staphyloma is produced 
Owing to the nse of intraocular tension the whole eyeb\II 
expands, especially in children, m whom the walla are relatively 
plastic If the lens has not been expelled when the ulcer 
perforated, as sometimes happens, it is flattened, the expansion 
of the ciliary ring causing stretching of the suspensory liga 
ment Owing to contact of the lens with the inflamed cornea 
after perforation the antenor capsular cells of the Jens often 
proliferate and form an antenor capsular cataract (q v ) The 
nigh intraocular pressure also causes cupping of the optic disc 

The pseudo-cornea is formed by organisation of tbe exudates 
on the surface of the prolapsed ms It consists of fibrous 
tissue covered by epithebuia, and lined by rarefied ins pigment 
epithelium The epithelium on the antenor surface is often 
very thick and epidermoid , the fibrous tissue often undergoes 
degeneration The antenor chamber is obliterated in total 
staphyloma, while the postenor chamber is enonnousl) 
enlarged, and filled with yellow alburomous fluid 
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The sight IS always diminished, and in total staphyloma is 
reduced to perception ol light or total blindness The eye 
may project between the lids so that a xerotic condition is 
set up and atheromatous ulcers may form Ectropion of the 
hds may occur mechamcallv The tension is raised, either 
as the cause of the protrusion, or as a result of the blockage 
of the angle of the anterior chamber (Chap XIV ) This may 
lead to pain The staphyloma may be so thin that rupture 
occurs on the least mjury, and may be se% eral times repeated 

Treatment Total anterior staphyloma is be'st treated by 
excision of the eye, with or without the insertion of a glass 
globe m Tenon’s capsule Patients will often prefer to keep 
the eye if it is painless and not too disfiguring 

Yanous methods of ablation m which the anterior part of 
the eye is removed and the contents scooped out, have been 
devised as an alternative for excision They give a movable 
stump on which to set an artificial eye, but they are open to 
the objection that they are not entirely free from the danger 
of cmsiag sympathetic ophthalmia (9 v ) 

Treatment 0! partial staphyloma is directed to obtaining 
flattening of the cicatnx, preventing or relieving increased 
intraocular tension and improving sight The attempts which 
should be made at the early stage have already been desenbed 
(tide p 214) Iridectomy is sometimes advisable with a view 
to improving vision and preventing or curing glaucoma (7 v ) 
It cannot be performed at the site of the staphyloma since 
there is no anterior chamber here, but must be done at the 
clearest part of the cornea 

Keratectasia diflera from anterior staphyloma in that the 
ins takes no part in it Its causation and prevention have 
already been discussed (vide p 201) Sometimes the whole 
cornea expands produemg a condition which is almost iden- 
tical with the keratoglobus (nde p 246) of mfantile glaucoma, 
though due to a different cause "When it is fully developed 
treatment is usele'ss 

Keratoconus (Syn — Conical Cornea) is probably due to a 
congenital weakness of the cornea, though oft*»n it only mam- 
Aists i'£ins^‘ po'ixrtf Jib; cunwir £f AVnr irmf wisriv /ivaw 
the centre, and gradually bulges forwards more and more , 
the apex is always slightly below the centre Sometimes it 
pulsates synchronously with the arterial puke, and this may 
cause a subjective apparent pulsation of the objects looked at 
The pulsation may be demonstmted with Schiotz’ tonometer 
The cornea is at first perfectly traiaparent, and vision is 


DISEASES OF TUB CORNEA 245 

impaired tlirough the protrusion ond alteration in curvature 
If advanced the conical shape is easily recognised in profile 
In the less advanced cases distortion and diminution m the 
size of the corneal reflex over the centre is the chief guide 
These changes ate best seen when the reflex from a large flat 
disc painted with broad concentric black and white lines 
(Placido’s disc or heratoscope) is observed through a hole m 
the centre of tho disc, or when the cornea is examined with the 
ophthalmometer IVith the ophthalmoscope mirror at a dis- 
tance of 1 metre a ring of shadow concentric with the margin is 
seen on the red reflex, altering its position on moving the mirror. 
It 13 due to a zone through which few rays pass into the 
obser\ er’a eye owing to the emergent rays on the central side 
being convergent whilst those on the peripheral side are 
divergent 

The patient becomes myopic, but the error of refraction 
cannot be satisfactorily corrected with ordmary glasses owing 
to the hyperbolic nature of the curvature The condition is 
almost invariably bilateral, though frequently more advanced 
on one side than the other It may be slight end ve^ slowly 
progressive, or the reverse In the later stages the apex 
shows fine more or less paraliel stnee, anastomosing at acute 
angles, best seen with the sht lamp , and also discrete 
opacities nhich become confluent A broivzush ring probably 
duo to Inemosidenn, may form in the epithelium encircling the 
cone (Flei chci’a ring) Sometimes there are ruptures in 
Descemet’s membrane Ulceration, rupture of the cornea, 
increase of tension, and so on, do not occur 

Treatment In the early stages every effort should he made 
to improve vision with glasses and the progress should be 
carefully watched In rare cases in which they could be borne 
contact glasses {vide p 53C) have been very beneficial Various 
methods have been adopted to stop the process Sfiotics are 
probably useless Tbe best treatment is cauterisation of the 
apex with the actual cautery The cauterisation at the extreme 
apes must be deep, and perforation here has been advocated 
The latter procedure is not without danger to the eye from the 
formation of a corneaf fisfufv, anterior synecfiia, imection, Ac 
Borne operators remove a small wedge shaped shce from tbe 
thickness of the cornea at the apex This is more difficult to 
perform and does not give better results on the whole than tho 
cautery The scamug from cautensation u much less than 
might he anticipated, but it may he advisable to do an optical 
iridectomy if vision is stiff very bad Antenor sclerectomy 
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(trepliimag) has been performed for conical cornea, but without 
advantage 

Keratoglobus (Syn — Jlegaloconiea) is a hemispherical pro- 
trusion. of the whole cornea occurring bilaterallj' m males 
it IS familial and hereditarj It differs from buphthalmia 
(5 1 ) m that the intraocular pressure is normal the cornea 
clear, the angle of the antenor chamber normal and there is 
no cuppmg of the disc It appears to be a congenital oier 
growth and is not infrequently a« 5 socnted inth anchno- 
dactylv 

Symptoiiatic Conditions 

There are many pathological conditions of the cornea which 
are merely evidence of disease m other parts of the eye or 
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of exteiaion of disease Some are often described as true 
diseases of the cornea notably as forms of " keratitis ” This 
mvolves a wrong principle and a misuse of terms which can 
only lead to confusion Smce it is of great importance to 
distmgiush these conditions from primary affections of the 
cornea both from the pomts of view of diagnosis and treat 
ment it wiU be well to review the more common here 
In glaucoma there is nearly always uniform diffu'^e bluish 
haze of the whole cornea It is due to alterations m the refrac 
tive conditions of the corneal elements brought about by the 
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increased intraocular pressure, and not to any gro®s patholo 
gical cHango If the condition persists the cornea becomes 
hazy throughout, and this luiriness, unlike the former, does 
not immediately disappear rrhen the intraocnlaT tension is 
rebel ed Here there is definite cedema, due to the impedi 
ment which prolonged tension causes to the diflusion of 
lymph It manifests itself first m the epithelium, which 
becomes steamy and stippled Sections show that this is due 
to accumulation of fluid in and between the cells, especially the 
basal cells (Tig 149) Pluid also accumulates between the 
lamellas and around the nerve fibres If the cedema lasts for 
a very long penod, as m eyes bbndcd with absolute glaucoma, 
the epithehum may be raised into vesicles or bullai (tesieufar 
or bullous “lerattUs") The evidence of prolonged tension 
makes it ea^ as a rule to distinguish this condition from 
herpetic vesicular keratitis, moreover the vesicles or buUee 
have firmer epithelial walls and show lees tendency to burst 

Nearly allied to bullous “ keratitis ” is the formation of 
epithelial threads, which adhere to the cornea by one end, 
while the other, which is often clu^shaped hangs down free 
This IS commonly called JHametOary “ keratitis " Xt occurs m 
the same coadittoos, t e , usually associated with glaucoma, 
but it may be seen rarely without any apparent cause m cases 
of the herpetic type 

Keratic precipitates, usually badly termed “ keratitis punc 
tata ” or ‘ k p ” in England, are often deposited upon the 
back of the cornea in cycbtis and iridocyclitis The greatest 
care must be taken not to overlook them, since they may 
bo almost the only objective sign of serious disease They 
may be on the back of a clear cornea or the deeper layers 
may be infiltrated as a result of the iridocyclitis , thus, they 
are not uncommon in interstitial keratitis Their appearance 
and nature will be described in discussing their cause 
{vide p 271) 

Opacities of the cornea are often secondary or symptomatic 
Such ate the grey or white, usually tongue shaped marginal 
opacities which follow sclentis Owing to their resemblance 
to the scferofic they are caffed seferostny ^ KeraftCis (vide 
p 252) 

CoKffenilal opaalies of varioiis kinds are sometiincs met with 
Many ate not truly congenital but are due to injury received 
at birth Birth injury ol the cornea takes the form of temporarv 
diffuse opacitv doe to cedema, or of permaaenfc vertical grey 
linear opacities due to ruptures of Descemet’s membrane 
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Stnale opacity oceara m various forms The com 
monest form is that seen after operations upon the globe 
in which a peripheral corneal section has been made as in 
cataract extraction Here when the section is above delicate 
grey lines run down vertically from the wound and may pass 
completely across the cornea (Fig 150) They can be seen 
clearly only by magnification They disappear spontaneously 
as the wound heals They are due 
to alight foldmg of the cornea whereby 
Descemeta membrane and the adjacent 
lamellm become wrinkled Radial stn® 
are seen around wounds or ulcers they 
are partly referable to the same eanse 
partly to distension of the interhmellar 
spaces by cedema The finehatchingnhich 
Fia 150 — stnate jg seen around ulcers and sometimes after 
nfr loUowia'^ Bcc bandagmg is to be referred to s.milar 
t on of Ibo caraea cauSCS 

above for extno Opacities of the cornea may be due to 
tion of cataract improper treatment One of the commonest 
13 due to deposits of lead sails upon an 
abrasion or ulcer An insoluble densely opaque white film is 
precipitated and adheres very firmly Ine spot is sharply 
defined and looks like white pamt Probably the deposit is 
always thrown off eventually but a very long time map elapse 
An attempt should be made to scrape it off but it is widest 
never to use lead lotions at all m the treatment of any affec 
tioos of the eye They can always be replaced by equally 
efficient substitutes 



"While Ring Opacities (Coats) Occasionally a ring or oval 
about 0 5 mm in diameter composed of very dense white spots 
occur on Bowman a membrane The cause is unknown they do 
not interfere with vision 


Pigmentalion of the cornea may also occur from improper 
treatment Prolonged use of silver nitrate as a paint or m 
the form of drops is followed by dark brown staining of the 
conjunctiva and slight stainmg of the cornea The condition 
13 called cryyrusis (wde p 193) and m the conjunctiva is found 
to be due to impregnation of the elastic fibres with metallic 
silver, m the cornea Descemet a membrane 13 stained It is 
permanent hence silver solutions includmg protargol 
argyrol &c , should never be ordered as drops or for use at 
home, at any rate without etm^ent mj unctions 
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BIowl m tlie cornea is rare It may occur as a bright red spot 
quite fl«{>erf5cja)Iy at the margifi or os a ^eenish or rusty «tain 
over the whole surface In the latter case it is derived from blood 
in the anterior chamber, associated with high tension — a relatively 
infrequent combination {vtdep 433) 

Tumowsol thecornea bo called, areprobablyalwajssecondary 
extensions, most commonly from the conjunctiva, the limbus 
being a favourite situation for these growths {i*ufe p 194) 



CHAPTER XII 
Diseases of the Sclerotic 

Bedkess of the ■white of the eye is caused by a vanety of 
conditions The commonest is conjunctivitis, the next 
common some inflammation of the anterior part of the uveal 
tract, 'VIZ , the ms and cibaiy body Some of the distinctive 
characteristics of the redness m conjunctival and ciliary 
inflammation have already been pomted out (tide p 83) 
Redness of the white of the eye may also be caused by mflam' 
mation of the sclerotic, and it is a frequent error among 
beginners to ascribe the other forms to this disease It must 
therefore be borne m mind that epjcclentis and sclentis are 
relatively uncommon 

iNFLliDLtTlON OF THE SCLEROTIC 

Two forms of inflammation of the sclerotic are described, 
superficial or episcleritis, and deep or sclentis They might 
equally well be consider^ mfld and severe forms of the •»ame 
disease, bat the distinction is convenient clinically since they 
usually differ m the course they tahe 

Episclentis is an inflammatory affection of the deep sub- 
conjunctival connective tissues, mcludmg the superficial 
scleral lamelhe A circumscnbed nodule, which may be as 
large as a lentil, appe ars usually two or three millimetres 
from the Umbus (Plate Vll , Fig 2) It is bard, imm ovable, 
and very tender, the conjunctiva monng freely over it It is 
travers^ by the deeper episcleral vessels, and therefore looks 
purple, not bnght red It la extremely chrome, never ulcer 
ates, and may be entirely absorbed, but more frequently leaves 
a slate-coloured scar behmd, to which the conjunctiva is 
adhfitenJi Thn cotoRa and. uxeal tract ra.udy m 

the inflammation 

There may be little or no pam, but usually there is a feeling 
of discomfort and tenderness on pressure, and severe “ neu 
ralgia ” is often complamed of. The nodule becomes gradually 
absorbed m the comae of days, or, more frequently, weeks, 
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but dunng the process of absorption, or soon after, fresh 
nodules of the same type anse In this manner the disease 
may drag on for months Both eyes are frequently affected 
In the worst cases the disease extends into the deeper parts 
of the sclerotic, and thus passes almost imperceptibly mto 
sclentis 

Anatomically dense lymphocytic mfiltration of the subcon 
]uactival and episcleral tissues is found 

Rheumatism and gout are commonly indicated as the chief 
causes of episcleritis A history of acute rheumatism is 
rarely obtained , more commonly there has been well marked 
“ muscular rheumatism/* which is to be ascribed to septic 
absorption {vide p 273) Tuberculous or syphilitic patients 
seem predisposed, and almost mvanably there is some cause 
of general debility It is commonest m elderly people (cf 
Sclcritw), and m women 

Treatment General treatment is of more avail than local 
Even in cases m which no history of rheumatism can be 
elicited, salicylic preparations — salicylates, salicm, aspirin 
— seem to do good and should be tried If they fail resort 
should be had to iodides Diaphoresis by pilocarpine injections 
and vapour baths does good m some cases, and munctions of 
mercury are useful ladewndent of syphilitic infection 

The most useful local treatment is massage by the finger 
applied to the upper lid A simple bone ointment may be 
used or a weok yellow oxide of mercury ointment, but strong 
stimulants can rarely bo borne In the more severe cases 
warm compresses, diomn, and leeches to the temple should be 
employed In the worst cases the constant current, scanii- 
cation or superficial cauterisation are indicated Every effort 
must bo made to build up the constitution, and success often 
depends upon these measures 

Sclentis 13 rarer than episclentis There are usuallynodules, 
or a single nodule, but the area affected is much less circum- 
scribed The swellmg is at first dark red or bluish, later it 
becomes pale purple and senutraosparent, hke porcelain It 
may extend entirely round the cornea, forming a very senous 
condition known as auimlor scUntis Sclentis differs from 
episclentis m that tho cornea and uveal tract are involved, 
some iritis, but more cyclitis and anterior choroiditis being 
present There is no ulceration, but much absorption, so 
that the sclerotic is thinned, a dark purple cicatns being 
formed, which is often too weak to wit&tand the mtraocular 
pressure, go that ectasia follows (aluiry staphyloma) In many 
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cases of diffuse deep sclentis hard whitish nodules develop 
in the inflamed zone They are the size of a pm’s head aud 
lie beneath the conjunctiva, all at about the same distance 
from the corneal margm they disappear without dismt^e- 
grating 

Anatomically sclentis is the same as epi«clentis, but extends 
deeper , there is dense lymphocytic infiltration of the sclera, 
the kmellas being separated by cords of cells 

Both eyes are usually affected Young adults are the most 
common subjects {cf Episclentis), and women more often 
than men The causes are obscure, but of the same type as 
in episcleritis It is often associated with disturbance of 
menstruation 


Sclentis IS most senous on account of its sequelffi and com 
plications Uveitis of some kmd is 
'* ' ■ 'n probably an mvanable accompam 

• ment It is uncertam whether it 
j may be a result or a cause of the 
sclentis, most probably it is 
1 D®>ther, but both are due to a 
common cause This cause is prob- 
ably the absorption of toxins from 
. _ 1 some septic focus It is often diffi 

Pio 151 — cult or impossible to find the focus, 

^u^Nettie^P) special attention should be 

directed to the nasal smuses and 


generative organs, the latter especially m women In other 
cases the alimentary canal is probably at fault, and many of 
the drugs which have been found beneficial probably act 
chiefly by dismfectmg the mtestinal tract In some cases 
the disease is undoubtedly tuberculous and in others syphi 
litic Stock has produced sclentis sclerosmg keratitis and 
lesions in the uveal tract by the intravenous mjection of 
tubercle bacilli m rabbits There is little doubt that tubercle 


plays a larger part m disease of these structures m man than 
has hitherto been recc^ised Ciliary staphyloma leads to 
distortion of the globe, and vision is impaired by it and by 
the many deleterious effects of the uveitis Secondary 
glaucoma often follows 

Apart from these complications sclentis nearly alwap 
extends to the cornea, catismg sderostng keratiU^ fFig 151) 
An opacity develops at the margm of the cornea near the 
Bcleniic nodule It is approximately tnangular or tongue- 
shaped, the rounded apex bemg towards the centre of the 
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cornea Similar opacities may develop farther from tlie 
margin and even at the centre The opacities are grey or 
greyish ycJlovr, becoming denser until they exactly resemble 
the sclerotic — hence the name They are indeed due to 
changes m the substantia propna, which is embryologically a 
specially differentiated part of the sclerotic There is little or 
no iTiscuIansation and ulceration never occurs Some clear 
mg from the centre towards the periphery, as well as near the 
marginal corneal loops (vide p 2tl), occurs, but the densest 
parts usually persist as bluish clouds The whole margin of the 
cornea may become opaque like the sclerotic, but the pupillary 
area almost invariably escapes 
Treatment is the same as for episcJentis ‘When tubercle is 
suspected mjections of tuberculm may be employed Dionm 
and subconjunctival injections of salme, £.c , have been 
recommended Uveal complications must be treated with 
atropine, Ac (See Chapter XIII ) Ultraviolet light some 
tiroes has a good effect on sclerosing keratitis and good results 
ha\c followed administration of vitamin C (tidcp 230) 
Gumma of the Sclerotic is uncommon It may be mdistm 
giushable m appearance from sclentis, or it may take the form 
of nodules of vanous sizes, situated near the limbus, extending 
backwards to the equator or even giving nse to an annular 
sclentis Gumma may spread to the interior of the eye or a 
gumma of the ciliary body may spread outwards and involve 
the sclerotic Unless active antisjrphihtic treatment is adopted 
early and carried out thoroughly the eye is very likely to be 
lost from uveal complications, ciliary staphyloma, or phthisis 
bulbi 

The diagnosis depends upon the history, co-eiisting signs of 
syphilis, and the application of the Wassermann test 

Tubercle of the Sclerotic may take the form of a sclentis, 
may be an extension from the conjunctiva ins, ciliary body, 
or choroid, or may be primary, forming a localised nodule 
which caseates and ulcerates It should be excised or scraped 
and the tissue crammed for tubercle bacilli 
Annular Scleritis, as already mentioned may be a form 
of ordmary sclentis or of gummatous sclentis A severer type 
IS sometimes known as brawny sclentis and is characterised 
by a brownish red gelatmous lookrag swelling surrounding the 
cornea and extending back towards the equator It generally 
occurs m old people and is fortunately rare, for it is little 
amenable to treatment Some cases but not all give a positive 
Wassermann reaction 
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Ulceration o! tLe sclerotic is always secondary, either from 
without or from within Extension from the conjunctiva is almost 
always due to tuhereuloas olceratiOQ, rarely syphilitic Exten 
Sion from within is almost always from the ixis or ciliary hody and 
13 nsuallv tuberculous in the ca'e of the ins, syphilitic in that of 
the ciliary hody Ulceration of malignant growths which have 
perforated the sclerotic also occurs — sarcoma of the in® or ciliary 
body, glioma of the retina AU these conditions are rare 

Blue Sclerotics The eclerotic is hluisb in bahie«, hut a much 
more pronounced blue coloration is sometm es seen in several 
members of the same family as an hereditary condition, and 
persists throughout life A cunous and hitherto unexplained 
feature of theoe cases is that the patients in many o! the laisil es 
also suffer from fragilitas o««inn] The sexes are about equaUr 
affected , only those affected can transmit the disease In a case 
examined micro«copicaHy the sclerotic was about one third the 
usual thickness , the cornea was also thm and Bowman's membrane 
was absent 



CHAPTER Xra 

Diseases of the Ins and Ciliary Body 

The uncouth term uietlis has the ment of emphasismg an 
important fact, viz , the close relationship which exists 
between the anatomically distinct parts of the uveal tract It 
draws attention to the frequency with which inflammatory 
processes involve the tract as a whole, and ate not etnctly 
limited to a smgle part This feature is particularly well 
exemplified in inflammation of the ms and ciliary body 
Probably intia never occurs without some cyclitis, nor a 
foritm, cyclitis without some intis The disease is called intis 
ot cyclitis according as the ms or ciliary body appears clmicallv 
to he the mote afiected The same disposition is also seen with 
regard to the choroid, though in less degree General uveitis 
la commonest lo tlie more chronic types of inflammation, hut 
it IS probable that the ciliary body is often involved in many 
cases which we are accustomed to regard as pure choroiditis 

Pot convemcnce of description it is best to consider diseases 
of the vanous parts of the uveal tract separately, but the 
anatomical, physiological and pathological continuity of the 
parts Can be scarcely too forcibly insisted upon 

iNFLAMStATlON OP THE IbIS AHU ClLURY BODY 

Intis In order that mtis and the special dangers which 
attend it may be thoroughly understood, it is necessary to 
remember the anatomical arrangements of the ms and the 
pathological changes which occur in it The ms is practically 
a diaphragm of blood vessels and unstnped muscle fibres held 
together by a very loose, spongy stroma In its perpetual 
movements the pupilia^ ma^m slides to and fro upon the 
lens capsule The more the pupil is constneted the more of 
the posterior surface of the ins is m contact with the lens 
capsule , uhen fully dilated the ins probably does not touch 
the lens at all 

Inflammation of the ms is fundamentally the same process 
as occurs in other connective tissues it consists m dilatation 
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of tte blood vessels, impairment of the capillar 7 walls, cvuda* 
tion of a highly albuminous lymph mto the tissue spaces and 
leuco or lympho cytosis Owing to the extreme vascularity 
of the ins and the pecubar distribution of the vessels, and to 
the looseness of the stroma, these genenc features of inflam- 
mation produce special results Thus, simple hypencmia 
tends to cause the pupil to contract mechamcally, on account 
of the radial disposition of the vessels This is to some extent 
physiological, but is greatly increased under pathological 
conditions The extreme vasculanty and the looseness of the 
tissues causes an unusuaUy large amount of exudabon on the 
one hand and of swellmg on the other Owmg to the greater 
albummous content of the fluid its viscosity is mcrea-sed «o 
that it escapes into the antenor chamber and out of the 
anterior chamber by way of the filtration angle (nde p 20) 
with greater difficulty The ins, from being a partnlly wrung 
out flat sponge, becomes a sponge full of sticfy fluid Hence 
its freedom of movement is greatly impaired, and the normal 
reactions become very sluggish or completely abolished The 
fluid, too, contains deletenous substances which net as im 
tants , the nerve endings are stimulated so that the muscle 
fibres contract In any case m which the sphincter and 
dilatator fibres are equally and uniformly stimulated the 
sphincter overcomes the dilatator, so that constriction of the 
pupil follows 

It is easy now to understand the chief signs of mtis The 
pupil is coaatneted, partly owing to hyperaemia, partly to 
imtation , the edge of the pupil is markedly irregular The 
reactions of the pupil are sluggish, partly owmg to the same 
causes which mduce constriction partly to what may be 
termed water loggmg The latter condition causes *in altera 
tion m the appearance of the ins The delicate iris pattern, 
instead of being clear and sharply defined, becomes blurred 
and indistinct muddy ” ms) The colour undergoes con 
siderable change, varymg accordmg to the condition of normal 
pigmentation In fair people with little pigmentation, the 
blue ins becomes blmsh or yellowish green , brown irides 
show less difference but become greyish or yellowish brown 
Tn any case comparison di Yne edrout of 'fne ‘two irihes 'wJIj 
usually reveal some slight difference, for mtis is generally 
unilateral durmg the acute attack 
As a result of the change m colour and blumng of the ins 
pattern the hyperasmia of the ins itself is not very obnous, 
but it manifests itself m circumcomeal ciliary congestion (tide 
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p 20) This 13 most marked if the ciliary body is seriously 
mvohed, but the conjunctival vessels are also frequently 
somewhat engorged, so that care is necessary m distinguishmg 
the condition from conjunctivitis Tho secondary nature of 
the conjunctiva! congestion is shown by the relatively slight 
discharge what discharge there is is chiefly lacrymal, never 
mucopurulent m tho absence of actual conjunctivitis as a 
complication 

The ins is nclily supplied with sensory nerves from the 
ophthalmic division of the fifth nerve It is not surprising, 
therefore that pam is a promment symptom of acute intis It 
IS not confined to the eye, though severe neuralgic pam is felt 
here, but is also referred to other branches of the fimt division 
of tho fifth nerve, especially to the brow and parts supplied 
by the supraorbital and trochlear branches, but also to the 
cheeks and malar bone, and sometimes to the nose and teeth 
It IS worse at night 

The albuminous exudates escape slowly mto the anterior 
chamber and mix with the normal aqueous If the ciliarv 
body IS much involved the aqueous itself is plasmoid (tine 
21} The aqueous often contains leucocytes and minute 
Uakesof coagulated protcid, seldom fibrmoiis networks except 
m severe cases It therefore becomes hazy, further inter 
fenng with a dear vicu of the iris and easily mistaken for 
haziness of the cornea, wluch is usually not involved In 
very intense cases, especially of traumatic iritis with septic 
infection, large numbers of polymorphonuclear leucocytes are 
poured out , these smk to the bottom of the anterior chamber 
and form an hypopyon Hypopyon is rare in simple intis 
without perforation of the globe Hyphicma, or blood m tho 
anterior diamber, ma> also occur, but is rare m simple intis 

Tho abnormal condition of the aqueous impairs the nutrition 
of the endothelium which covers tho back of the cornea 
The cells become sticky and may desquamate m places The 
exudates tend to stick to the more affected spots, forming 
’kcralxc ■precipiUHes (“ keratitis punctata ") These are seldom 
present m simple intis, but form an important feature of 
mils 'S{ Cjvlitts psKsesi 

The more albuminous the aqueous the more viscous it 
becomes This viscous fluid filters out of the antenor cham- 
ber by the filtration angle with difficulty Hence there is a 
tendency for the fluid to be retained, so that the mtraocular 
tension nses The nse is minimal and of no senous import m 
cases of simple mtis — in fact, it is scarcely appreciable by 
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clinical naetliods If, however, the ciliary body is miicli 
involved, the albuminoua crastituents of the aqueous are very 
markedly increased, and nse of tension may be so great as to 
endanger the sight requinng special attention 

The exudates which are poured out by the iris and cihary 
body are naturally most concentrated m their immediate 
neighbourhood They cover the surface of the ins as a thin 
film and spread into and often completely over, the pupillary 
area In this manner the pupil may become “ blocked ” with 
exudates, a condition which very seriously impairs the sight 
of the eye Moreover, the exudates tend to stick the ms 
down to the lens capsule, so that it becomes immovably 
fixed 

If the patient is seen in the early stages and atropme i« 
instilled the pupil dilates, though not so readily as a normal 
pupil, on account of the water loggmg of the ms By con 
tmuous treatment the jns may 


be freed from the lens capsule 
become com 

pletely dilated and circular 

exudates, however, show 
a great tendency to ^come 
Fio 153 —Ca^Tam of seclcuton quicUy organised This IS par 
and occlns on of the pupil with ticulafly seen m most cases of 
frequently mcycbto. 
when it 13 a %ery marked 
feature of the case the inflammation is often described as 
plastic If the exudates which bind the ms to the lens capsule 
nave not been already broken down they become converted into 
fibrous bands which atropineiswholly unable to rupture Such 
firm adhesions of the pupillary margin to the lens capsule are 
called fostenor synechics to hold together) ITben 

they are present a mydnatic causes only the mtervemng 
portions of the circle of the pupil to dilate and the pupd 
assumes a festooned appearance (Plate VI , Fig 4 , Fig JB6) 
Even m the absence of a mydnatic mmute inspection will 
generally show irregulanties of the pupillary margm due to 
the synechi® Such an irregular pupil is a sign of present or 
mtjs Eor diagnostic puipc^ homatropine should be 
’^d and the result confirmed by the appearance of the 
pupil (vide p 260) Owing to the contraction of 
■’ exudates upon the surface of the iris the retmfll 
pattem*v> ^hehum may be puDed outwards over the pupillarv 
but it ma^ ''has of pigment are then seen m this atuation 



DISEASES OF IRIS AND CILIARY BODl 239 

(ectropion of the uveal pigment) Posterior sTnechi® show 
BOine predilection for the lower part of the pupil m the early 
stages probably owing to gravitation of the plastic exudates 
In very severe coses of plastic intis, or alter recurrent 
attacks, the whole circle ol the pupillary margin may become 
tied down to the lens capsule The condition is called annular 
or ring sijnccha or sedusio fitpillaa (Figs 152 155) it is one 
of great danger to the eye (wdc p 269) In siimhr cases. 


Fra 153 — ^Total pwleror synech « ( x 7) fcoai a ca?o of plastic ir do 
cycUtu begiJiQ ng to cause pbih s s bulbi Tt o iris is coiaplctcly 
adherent to the lens capsule and the periphery is retracted There 
Is a delicate inflatnniatory pup llary laembrane (occlusio pup lla*) 
There is aUo au anterior capsular cataract due to inOammat on 
rtcoQta r» calcareous deporits asshoira bythe patch of darlrstaiuiog 
The ciliary body is degeuerated and detached froni the eclerot c at 
the postenor part The retina is completely detached and folded 
behind the lens 


cspccnlly if the case Las been neglected and the pupil not 
well dilated by atropine at an early stage the exudates m the 
pupillary area may also orgimse A film of opaque fibrous 
tissue then fills the pupil , this condition is called blocked 
pupil, or occli/sio pujnllo! (Figs 1D2 155) If there has beeu 
much cyclitvs the posterior chamber (Fig 1) also becomes filled 
with exudates which may organise They then tie dorni the 
whole of the back of the ins to the lens capsule , this cop^tion 
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IS called total ■poslenor synedaa (Fig 163) It leads to retrac 
tion of the peripheral part of the ms, so that the antenor 
chamber becomes abnormally deep at the periphery, sometimes 
much deeper than m the centre 

Intis IS most frequently mistaken either for conjunctivitis 
or for acute glaucoma The points which distmguish it from 
conjunctivitis will be gatberw from what has already been 
descnbed The error of mistaking mtis for glaucoma is the 
most senous which can be made, more particularly because 
the treatment of the two conditions is diametrically opposed 
Dilatation of the pupil with atropme, which is urgently neces 
sary m intis, is the worst possible treatment of glaucoma 

i; ) At the cost of some repetition, the distinguishing 
features will be given here 

(1) In mtis the pupil is smaller than normal and irregular, 
m glaucoma it is larger and oval, usually with the long ans 
vertical 

(2) In mtis the mtraocular tension is scarcely appreciably 
raised unless much cycbtis is present , m glaucoma it is always 
appreciably raised, and is often very high 

These are the two chief objective signs Cases occasionally 
arise which are doubtful even to the most experienced A 
useful and harmless ptoccduie which will almost m\anably 
settle the question is the following A drop of 2 per cent 
euphtbalmine or homatropme (not atropme) solution is 
in^tiUed As the pupil dilates, m intis the uregulanties are 
emphasised and synechite are almost always revealed , the 
tension is not appreciably affected by the mydrntic , m 
glaucoma the pupil probably dilates slowly but quite evenly, 
retainmg its roundness , the tension is appreciably increas^ 
by the mydriatic As soon as glaucoma is definitely diagnosed 
by this test eserme (1 per cent ) must be vnmfdiatelt/ instilled 
and repeated at intervals (iWe p 291) Atropme is never to 
be used for diagnostic purposes, smee eserme is mcapable of 
counteracting its mydriatic effect and if the case were found 
to be one of glancoma immediate operation would 1 e 
unperatu e 

(3) The subjective symptoms differ m the two diseases 
Vision is usually more impaired m glaucoma than m iriti® In 
acute glancoma the onset of the pam is sudden, and it is so 
severe that it is frequently accompamed by vomitmg 

It will be advisable agam to enumerate the chief symptoms 
and signs of mtis The subjective symptoms are pam, of a 
neuralgic character, referred not only to the eye but also to the 
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supra orbital region , dimness of vision, due to cloudiness of 
the aqueous, exudates m the pupillary area, &c The ohjcc 
ti\e signs are constriction and irregularity of the pupil 
un!c«sa mydriatic has already been instilled, m which case the 
irregularity is emphasised by the presence of the posterior 
Bjniechiaj If the mydnatic is instilled earlj these synechuo 
may break down so that the pupil again becomes quite round , 
in such cases spots of lymph or pigment upon the antenor 
capsule of the lens often leave permanent marks of old 
synccbin, and form most a aluable evidence of previous iritis 
(bjg 164) It has already been pointed out (p 4) that the 
posterior layer of the retinal pigment epithelium on the back 
of the ins is less firmly attached to the ms than the anterior 
IVhen a synechn breaks down some of the postenor layer often 
tears alvoy and remams attached to the lens capsule the«e 
pigmented spots never disappear entirely 
They are easily distinguished from the congenital 
spots due to persistence of the pupillary mem 
hraue pigment (tide p 277), and ate valuable 
evidence of prcMous intis Discoloration or- 154 _g 
muddtncss of the ins, whereby the ms pattern ot pgment^n 
ismasked, hypcrsmia.manifestmgitseli chiefly the lens cap 
as circumcomeal ciliary congestion exudations, *’'* 
manifesting themselves either as more or Jess 
cloudiness of the aqueous or as solid deposits m 1 are broken 
the pupillary area and upon the ms these are (Nettle 

conspicuous signs of inflammation of the ins ^ 

The course of intis vanes with its intensity Ei en the slighter 
acute cases take three or more weeks before inflammation 
entirely subsides The best sign is the prompt action of 
atropine, for m the worst cases it has little or no effect 
Improv ement 13 shown by good dilatation, dumnution of injec 
tiou and pain In the chrome cases the ciliary body is almost 
always more seriously involved , the condition is one of irido- 
cyclitis The inflammatory signs are less, bat diminution of 
vision 13 progressive, and the disease not infrequently lasts for 
years 

One of the most charactenstic features of iritis and cyclitis 
18 the great tendency to relapse It depends not upon the 
synechuo, as was once taught, but upon the constitutional 
cause of the disease Each irc^attackrunsasimdar, though 
usually less severe, course, often leaving fresh traces and 
increased impairment of vision 

CJompleto resolution may occur in slight cases treated carh 
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and suitably The etudates become absorbed , the syiiCclua 
break down, leaving only such slight traces that vision may be 
perfect Comparatively shght cases may, however, leave very 
serious results if they are improperly treated, and in severe 
cases these are the rule Most of the evil results are attnbu 
table to neglect of or impossibilify of early dilatation of the 
pupil, which causes permanence of the postenor synechue. If 
these are few, no special injury or impairment of sight follows, 



Fso 1 k) —Ins bombe sntb Teiy broad pcnpbeial antei or syotcbis 
annular posterior sjnecbiA (seclus o pupillae), and jnfianiQiatorv 
pup Uaiy membrane (occlns o pupilte) There is also an anterior 
capular cataract 

but future attacks are more likely to result m an mcrea«ed 
number or m nng sjTiechia 

Emg synechia, or seclosio pupiUae, is one of the worst 
sequels of the disease, smce, if unrelieved, it inevitably leads to 
secondary glaucoma and destruction oi sight Owing to the 
compi’etfe shutting oif o/tie jrapa’tteaqtiwaif iffortif JiV Arp'xs' 
forwards mto the antenor chamber, the pigment epithehum 
formmg a non permeable membrane It therefore collects 
behind the iris, which becomes bowed forwards like a sad, a 
condition which 13 called trwbomh** (Fig 155) Regarded from 
in front, the antenor chamber » seen to be funnel-shaped. 
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deepest in the centre and shallowest at the periphery Ihe 
filtration angle is obliterated by the adhesion of the iris to the 
cornea and sclera at the pcnpher) (peripheral anterior 
synechia) Hence the fluid is retained mthm the eye and the 
intraocular tension rises {vtde p 280) 

Organisation of the exudates in the pupillarj area leads to 
the formation of an inflammatory pupillary membrane or 
occlusio pupillcB This interferes directly with the transmis 
8ion of light rays and is often associated with ring ejmcchia, 
with or without total posterior eynechia [vide p 239) In Buch 
cases there is generally plastic cychtis and the eye is zrretner- 
nbly affected 

Repeated attacks of intia lead to atrophy of the iris, which 
becomes duty grey, like felt or blotting paper Red streaks 
often feark the site of permanently dilated vessels, usinlly of 
new formation and therefore not 
necessarily radial in directioil The 
pupillary margin is thm and frayed . 
the reactions are diminiobed 

Vanelies of InHs The varieties of 
mtis ate usually divided into pnmary 
and secondary, the latter being those 
which ate due to extension of uflam* 
matioa from some other part of the 
eye, usually the cornea The ptunary 
iritides are due to some general dys 
ctasia, though it is not always pos 
Bible to determine its exact nature 
(so-called idiopathic iritis) The roost 
undoubted cause is certai^y syphilis ; 
other causes are gonorrhaa, tubercle, 
and diabetes There is both climcal and experimental c\ idencc 
that certain Btrains of streptococci have a specific selectivity 
for the tissues of the meal tract Alleged causes are gout, 
“rheumatism,” acute oianthcm'lta, &o Fmally, iritis is 
usually an important element of sympathetic ophthalmia {q v ) 

Syphilitic Intis manifests itself in two forms Syphilis is 
tfic commonest cause of sunpi’e pfesfio int'is, wfiich occurs in 
the secondary stage, soon after the skm eruptions, usually 
withm the first year after infection, but not before the third 
month There may be nothing chanctenstic about this form 
of intis, or nodules may occur upon the ins [vide infra) Syphi- 
litic iritis '•asts tvo to eight weeks and does not usually recur, 
thus differing from the “rheumatic” form 



TiQ 150>-Pl&<tia Iritis 
iritli noduics 10 the engts 
of tbo anterior chamber 
(Nettleabip from a- draw 
Ing by Holmes Sp cer ) 
^be patient was not 
syphiUtic 
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Intis used to occur m at least 3 — 4 per cent oi syplulitic^, 
and of cases of mtis syphilis accounted for at least 25 — 30 
per cent , but syphilitic intis appears to be less common than 
formerly, probably omng to earlier and mote thorough anti 
syphihtic treatment Syphilitic intis is generally ui^ateral, 
but the second eye becomes affected sooner or later in 
about a quarter of the cases Intis due to other causes i» 
umlateral m only about 10 per cent Syphilitic intis attacks 
males more than females, and three fourths of the cases are 


between twenty and forty years of age The Wassennann 
reaction is of great value m settling the diagnosis The 
spirocheete has been found m the aqueous 
Simple plastic iritis also occurs m congemtal syphilis, usually 
as an accompaniment of mteistitial keratitis (g v ) It aLo 
occurs m very young babies with congenital syphihs, without 
any comeal complication, but usually with large nodules or 
gummata on the ins This is dot common, but is probably the 
only cause of intis in very young children apart from ^ect 
injury It is sometimes seen so soon after bulb that almost 
certainly m these cases it commences 

as an intrauterine inflammation The 

/ \ average age of onset is five to sis 

/ >\ montfe It is commoner m females 

I f males, and is umlateral m 

about half the cases (Butchmson.) 

The ins also becomes infla med m 
some cases of acquired syphilis late 
in the secondary or very rarely dumig 
- , ?T tertiaiy stage The'e cases are 

''™g“^the .."nd.'S of 
sugeofsyphiiii sitoatM vellowish red nodules near the pupil 
at the pupillary iwrder laty and Ciliary borders ol the ms 
but not in the mtermediate region. 

® ^ The nodules are usually multiple and 
vary m size from that of a pm s head 
upwards (Pig 167) It has been customary to consider tbe«c 
nodules either condylomata or gummata, according to the 
stage of the complaint There is no good ground, either 
climcal or pathological, for the distinction, and the term 
gummatous tntts may be used for all these cases There is 
generally much exudation m gummatous mtis, and broad 
synechias are formed The nodules are liable to be mistaken 
for tubercle {? v ) or sarcoma (go), the absence of intis and 
the presence of only a single nodule usually distingui'^hes the 
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latter condition, ^vlllcb, morco\cr, is extremelj rare Gum- 
matous Jntis may rarely extend to the comeo-sclera at the angle 
of the antenor chamber and lead to perforation of the globe 
The Bites of previous gummatoia deposits in the ins are 
marked by depigmenkation of the stroma, probably owing to 
stretching T^Tiittsh spots m the ciliary region of the ins, 
especially near the crypts, occur in the early stages of sypliilitic 
infection without previous intis Syphilitic degeneration of the 
vessels causes thickening of the coats, sometimes making 
them appear as white lines Atrophy of the muscle fibres, 
especially of the sphincter, also occurs, and a circle of atrophic 
patches near the pupillary border is strong evidence of 
syphilis 

Vision IS usually impaired permanently in syphilitic intis, 
and the prognosis is worse m the gummatous t^e Specific 
iritis IS indeed a sign of severe syphilis , Trousseau found that 
thirty four out of forty patients ultimately developed grave 
fleiwcl®fluch as tabes and general paralysis 

(lonorrhaal Intis is probably more common than is generally 
supposed It occurs especially m those cases which have 
gonorrhceal “ rheumatism ” and seldom supervenes until 
after one attack of arthritis, usually m the knees It exhibits 
no special sfgns , it tends to recur, often during the onset of a 
gleet or arthritic attack There is little doubt that it is a 
metastatic infection The patients are almost always men, and 
as a rule both eyes are aflected, though not at the same 
time Extension to the ciliary body may be indicated by fine 
vitreous opacities, but involvement of the choroid is very rare 
Another more characteristic form may occur dunng the acute 
attack The exudates into the antenor chamber then have a 
peculiar gelatinous appearance and a greenish grey colour 
which is characteristic 

“ Rheumatic ” Jntis In patients with intis, in whom no 
spcific or gonorrhceal tamt can be discovered, a history of 
rheumatic pams in the muscles and joints can often be elicited. 
Intis seldom, if ever, accompamea an attack of acute rheu- 
matism, and only rarely can a history of such an attack be 
ofitamedT The patients are ollen gouty or have rfieumatoicf 
arthritis IVhat the pathological relationship of the intis is to 
these complamts must remain a matter of conjecture until their 
iBtiology 13 placed beyond dispute It is most probable that 
both the “ muscular rheumatism ” and the mtis are due to a 
common cause, toxins derived &om a septic focus m some 
part of the body, e g , mouth, nasal amuses, intestinal tract, 
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Lc The intis m these cases is usuaDy a plastic intis 0 / 
moderate severity It often attacks both eyes and shoTCS a 
very marked tendency to recur, and the recturence seems to 
bear a direct relationship to the recurrent attacks of pain or 
arthntis There is often an unusual amount of conjunctival 
and epi«cleral congestion Intis m an elderly patient 13 likely 
to be gouty, often starting suddenly in the rught ind ‘'ometiines 
ushering m an acute attack of ^uty arthntis 
Dtabelic Inlis is rare it is probably a gouty mtis occumag 
m a diabefac subject (Neltleship) It shoivs a marked hahihty 
to tbe formation of new or enlarged vessels m the ms, with the 
formation of plastic exudates and occasionally an hypopyon 
On the whole it runs a favourable course 
TvbercuJous Intis occurs m a miliary and a conglomerate 
or solitary fonn In the former there is usually a yellowish 
white nodule surrounded by numerous smaller satellites , there 
is the same tendency as m gummatous intis for tbe nodolcs to 
be near the pupillary or ciliary margins In the earliest stage* 
the nodules are minute greyish, and translucent There are 
often spots of k p ’ on the back of the cornea, mdicatisg 
involvemeut of the cdiary body Hyphajma is not un 
common, and pseudo hypopyon, compo«cd of ca*eatmg 
tuherculous material, may occur In conglommte tubercle 
there is a yellowish white tumour, though smaller satelhtes 
maybe present Tbe nodules contain giant cells There i* 
usually less general intis than m the gummatous fonn, but 
there is almost always some The condition may be mistaken 
for gummatous intis or for sarcoma The ab'^ence of specific 
history, a negative Wassermann reaction, the failure of anti 
syphihtic treatment and the age of the patients — children or 
young adults — are features distmguisbmg it from gummatous 
mtis The presence of sat eUites the usual, but not mvanahlc 

absence of visible vessels upon the surface of the nodules the 
age of the patient, and the presence of mtis distinguish it from 
sarcoma Tbe diagnosis may be extremely difficult but the 
great rarity of sarcoma of the ins should be borne in mmd 
Simple mtis js said to be sometimes tuberculous 

In conglomerate tubercle of the ins the comeo sclera at the 
angle of the antenor chamber almost mvanably becomes 
ultimately eroded and involved The wall of the globe is thus 
weakened and eventually gives way The tuberculous mass 
then grows rapidly through the perforation, and a large por- 
tion of the ms may become prolapsed In this manner the eye 
IS inevitably lost 
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von Puquet’s cutaneous xcaction may be applied to doubt- 
ful cases A positive result isof little value except m children, 
but a ncgatiie result elimmates the diagnosis of tubercle with 
a fair degree of certainty "tt olff Eisner or Calmette’s con 
]unctival test should not be used on account of the danger of 
severe reaction Subcutaneous injection of Koch’s old tuber- 
culin gives a characteristic nse in temperature, &c , m the 
presence of tubercle, but there is no proof that the ocular 
lesion IS the cause of the reaction, and the test is not free from 
danger, due to violent local reaction 

Treatment Dilatation of the pupil with atropine and hot 
applications are the essentials of local treatment Atropine 
acts in three wajs (1) by beeping the ms and ciliary body 
at rest, (2) by dimimshing byperaemia , (3) by breaking down 
postenor s 3 Tiecbiaj and preventing the formation of fresh ones 
It may be used m the form of drops of a 1 per cent solution 
or as an ointment of the same strength I prefer the omtment 
for the following reasons (1) its action is more contmuous , 
(2) it IS easier to apply, since it usually works into the eye even 
if only rubbed along the lashes , (3) it is less likely to cause 
B}*mptoms of poisoning which are not uncommon with the 
drops in children Sraptoms of poisoning— dryness of ^e 
throat, flushing of the face, delmum, Lc —are due to the 
excess of solution— often considerable in unskilful hands— 
passing down the na®al duct mto the nose and throat The 
dose administered m this manner is never lethal 

Atropme should be pushed m the early stages, best by fre 
quency of application rather than increased strength Every 
four hours is usually sufficient When the pupd is well dilated, 
two or three times a day suffices If atropine irritation ensues, 
hyoacinc, scopolammc, or duboisme should be substituted 
Diomn, G — 10 per cent , may be used in conjunction with the 
mydriatic 

A \ cry powerful mydriatic effect is obtained by the subcon 
junctivat injection of G minims of mydneam \iide p 692), 
a mixture of atropme, cocaine, and supraremn 

Hot applications are extremely grateful to the patient 
diimmslung the pam, and are of therapeutic ser\ ice m encour 
aging a more \ugorous blood and lymph flow Hot fomenta- 
tions and bathmgs may be used, hut dry heat applied to the 
surface of the closed lids has the same effect This may be 
done by means of medical diathermy f300 to 600 milbampJres 
for five minutes) or an electric heater, which is bandaged over a 
pad of wool prevjously Well heated and applied to the eye. By 
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this means the heat is considerable and continuous, Tnth a 
TninimtiTn of trouble and discomfort 
In \ery severe ca«es, or \ihen the pupil does not readily 
respond to atropine, depletion of blood from the temple should 
be resorted to The best method is by tivo or three leeches 
applied a short distance outside the erfemal canthus They 
should not be too far from the eye, nor too near, for m the 
latter case much cedema of the lids may follow Heurteloup’a 
artificial leech may be used, but is not ao efficacious, since the 
leech extract dimimshmg the clottmg capac ty of the blood 
has a beneficial effect 

If the pam is very intense a hypodermic mjection of 
morphia may be given Aspirm is very useful m rehevmg pam 
General treatment should be commenced by a salme purge, 
and the bowels most be kept freely open throughout the acute 
stage 

In other respects the general treatment depends upon the 
cause la syphilitic intis the patient is rapidly got under the 
influence of mercury best by munctions or tbe mtramuscular 
injection of Lambl^ a cream N A.B mjections cause rapid 
improvement, but these cases also respond well to metcu^ 
These drugs are most effectual m tbe cases occurring durmg the 
secondary stage, but should also be used m the gummatous 
form Here they should be supplemented by iodides, but 
these must not be given simultaneously with mjections of 
metalbc mercu:^ The infantile form of acute syphibtic iritis 
responds rapidly to mercury, but neither drug is very efficacious 
in the congenital type and m this, as well as in the liter <5tages 
of the other forms, general tonic treatment is mdicatcd 
In gonorrheeal uitis gonococcic vaecme sometimes produces 
good results, and massage of the prostate, though it may cau'C 
a temporary exacerbation helps to remove the source of tbe 
trouble The administration of snlphapyndmefjM andB C93) 
m full doaes for fourteen days has produced good results (tide 
p 693) Vitamin C appears to be without effect 

In other forms of intis, where a rheumatic tamt is suspected 
or where no catisfactory cause can be found, it is usual to 
order salicylic preparations, and they appear to do good, not 
only m these, but also in gonorrheeal and diabetic intis An 
exhaustive search should ^ made for any septic focus in the 
body 

In the convalescent stage smoked glasses are ordered— for 
both eyes, especially on account of the consensual reaction 
to light Atropme, or its equivalent, should be continued for 
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'it least ten days or a fortni^t alter the eye appears to be 
quiet, otherwise a relapse la very likely to occur 
Tuberculous uitia is treated by the same local applications 
as other forms The usual constitutional treatment must be 
pushed Improiement and e\eii complete resolution have 
been lecotdca from the use of tuberculin injections, but they 
should be used cautiously, commencing with very small doses, 
since a violent reaction may have a serious effect upon the eye 
The dose is very gradually increased 
Some authors consider that tuberculous intis is generally 
the pnmary manifestation of the disease m the body. They 
therefore advocate the removal of the eye is soon as the 
diagnosis is made, in order that the danger of extension of the 
disease to other parts of the body may be minimised If 
perforation of the globe bos taken place and the eye is irretnev 
ably lost immediate excision should be urged, but in other 
cases ordinary treatment, supplemented by tubercuhn should 
be persisted in. Good results have undoubtedly been obtamed 
by the use of tuberculm, and it should be given a per 
severing trial , nevertheless it often fails to ameliorate the 
eombtion 

Treatment of Se^ela and Coniphcations Tor the treatment 
of coincident cyclitis see p. 273 
Pirm postenor synechi® can sometimes he broken down by 
placing a small particle of solid atropine m the conjunctiv-il 
sac Care must be taken to prevent the dissolved atropine 
from passing doim the nasal duct by pressure with the huger 
upon the lacrymal sac by the patient himself, but the surgeon 
must see that the pressure is nghtly applied and kept up 
Annular synechia demands an mdectomy in all cases m 
order to restore communication between the anterior and 
posterior chambers, and thus a\oid the supervention of 
secondary glaucoma {vide p 280) In some cases it is necessary 
or advisable to he content with making a puncture or trans 
fixion of the ms by a broad needle No operative procedure 
of this kind must be undertaken during an acute or even the 
slightest attack of intis if it can be possibly avoided since the 
traumatic intis set up wi/f /rustrate the ohject of the operatiofl 
by filling the coloboma with exudates and may even cause 
the loss of the eye It is best if possible, to forestall a ring 
synechia by performing the iridectomy before the adhesion 
extends round the whole circle This can often be done, 
because operable ring synedua, to, rmg synechia without 
total synechia, is frequently the result of recurrent attacks 
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of quiet or almost painless intis, during each of which more 
of the circle is involved. The mdectomy is performed during 
a quiescent interval. It is often difficult to get a good co!o- 
boma owing to the atrophy and friability of the ins and the 
firmness of the adhesions. Hemorrhage is common, and the 
hyphsema takes longer than nsnal to be absorbed. If for any 
reason operation on such an ej^ appears to be speciaJlyrisby, 
particularly if it is an only seemg eye, the pupil should be 
kept contmuously under atropine (0 5 per cent.) instilled once 
a day. Iridectomy sometimes has a beneficial effect on re- 
current intis, but should not be done without special indications 



FiQ. 158— Phthuis bulbi, due to indo-cyclitis (x 3) C, cumea, 
Ir, irta; L, Jens; C.b, edaiy body, Cb, nbomid; S, retioa, 
detached and folded op behind Jens, separated from choroid bj 
albummons coagalom ; Sd , iclerotic 

until all other non-operative measures have failed. The 
presence of “k.p.” should generally be regarded as a contra- 
indication to intraocular operation in the absence of danger- 
ously high intraocular pressure. 

Total posterior synechia can seldom be operated upon nith 
success. Iridectomy is seldom possible, and the only pro- 
cedure which can be adopted is extraction of the lens by a 
specially devised operation. Iridectomy or iridotomy may 
be possible if the lens is shrunken. 

Cyclitis has abeady been referred to incidentally. In the 
severe plastic form the exudates from the ciliary body pass into 
the anterior chamber directly from that part whi^ forms a 
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boundary of the chamber (Fig 2), and indirectly by passing 
forwards through the pupil X'^cn they organise they not 
only cause total posterior synechia, bat also surround the lens 
and extend throughout the vitreous Behind the lens they 
form a transverse membrane or cychtic membrane Strami 
of fibrous tissue are formed m the vitreous They become 
anchored to the retina in various places, and hy their subse- 
quent contraction often lead to detachment of the retina The 
exudates which oiganise upon the surface of the ciliary body 
cause the destruction of the ciliary processes, which results in 
abolishing or seriously diminis hing the secretion of aqueous 
Hence the intraocular tension becomes lowered and the eye is 
quite soft to the touch The walls of the globe fall in, and the 
eye becomes shrunken and quadrilateral m shape owing to 
pressure by the recti muscles— pAM»Jts6uf6»(^d»’6U', to waste) 
(Pig 158) After this has occurred degenerative changes super- 
vene, and the choroid becomes converted after raontM or years 
into bone 

Chronic Indo-oyduis {Syns^vnjtle Cychtxs, "Serous 
Intis ") IS an extremely msiious and chrome disease, charac- 
terised by dumnution of vision with slightly marked physical 
signs In severe cases there is ciliary congestion, tenderness 
on pressure over the ciliary region deep anterior chamber, 
precipitates (“ keratitis punctata ") on the back of the cornea 
and dust-hke opacities m the vitreous Posterior synechi® 
are not a conspicuous feature, but are liable to be formed 
slowly and insidiously The tension is usually slightly 
raised m the earlier stages, lowered m the later There 
may be cedema of the upper lid and neuralgic pain m the 
eye and brow There is sometimes 
myopia, owing to irritation of the 
ciliary muscle 

The kerattc precipilales ( k p ’ ) 

(Fig 169) consist of lymphocytes wfcch 
ate deposited from the aqueous upon 
the back of tiie cornea and stick 
there They may contain pigment — T-ypical 

^nales showing their ongL tom [frbS'rf 
the uveal tract (pigmented k p ) In m keratitis ptmetau 
the most charactenstio form they ate (fc p ) (NcttlwhJp irom 
scattered over a triangular area of liemng 

the lower part of the cornea, the ’ 
smaller spots being above the larger below (Pig 169) This 
arrangement is due to gravitation of the particles towards 
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the bottom of the antenor chamber, combmed with the per 
petual movements of the eye, which are mostly in the honronta] 
direction The typical arrangement is often but not always 
observed More commonly a few isolated spots are seen 
scattered irregularly over the lower part of the cornea They 
require great care m examination for their discovery {tide 
p 87), and their importance cannot be over estimated The 
smaller spots frequently coalesce, forming small plaques, 
which gradually become more translucent ( ‘ mutton fat I p ”) 
Precipitates are generally sharply defined and can thus be 
distmgmshedfrom opacities in the deeper layers of the cornea 
They are more likely to contam pigment when the ins is brown, 
but “ pigmented k p ” also occurs with blue or grey indes if 
the mfiammation lasts a long time Pigmentation therefore 
may give some mdication of the duration of the disease The 
pigment persists almost mdefimtely Similar precipitates are 
rarely seen upon the antenor capsule of the lens, but the 
leucocytes do not readily stick here owing to the smooth 
surface, devoid of endothehom 

The vitreous opacities are of the same nature, viz , wander 
mg leucocytes, but many are abo probably mmute particles 
of albummous exudate Their mobility m the vitreous shows 
that the consistency of this substance has undergone change, 
sometimes amounting to complete fluidity, due to defective 
nutntion 

The mcreased depth of the antenor chamber is an important 
sign not easily explamed It is imdoubtedly connected with 
the deficient filtration of the plasmoid aqueous through the 
angle, which together with dilatation of capillaries prMnced 
by the secretion of bistamine-like substances and axon 
reflexes, abo accounts for the rise m tension The penpheral 
part of the antenor chamber is often particularly deep, even 
deeper than the central this is, however, more marked m 
the later stages of plastic igrchtis when it is due to mechanical 
retraction of the ms from organisation of exudates m the 
postenor chamber 

In severe or prolonged cases the deeper layers of the cornea 
may become infiltrated, as m mterstitial keratitis though 
seldom to the same extent This is specially liable to occur m 
tuberculous cases, and m these there are often mmute greyish 
nodules on the siirface of the ms These should he carefully 
looked for, as they are of considerable diagnostic significance, 
and the prognosis is correspondmg’y grave Tiny translucent 
nodules are sometimes seen, evenm early stages, at the pupillary 
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margmoftlieins These caBC3 8 ecmmvanabl 7 togofrombad 
to worse in spite of treatment They are probablf tuberculous 

In the slightest and most usidioua cases of indo cyclitis the 
symptoms and physical signs are minimal Considerable 
dimmutiou of vision without obvious cause should always 
excite apprehension, and the cornea should be most carefully 
explored by oblique illumination with magnification by the 
loupe, as well as by the direct method with a strong convex 
lens A few spots of "h p ”are decisive proof of cychtis, and 
may be the sole physical sign Change m the colour of the 
ins, due to atrophy, is an important sign, smee it may at 
once attract attention, especially if the normal eye has a 
broim ins It mdicates, however, a late stage of the disease 

Chrome indo cycUtis occurs u^er similar conditions to 
simple iritis and is commoner la women than m men Syphilis 
or tubercle may be the cause It la probably always due to 
some form of toxiemia or bacterial metastasis, and iLcarefid 
search should be made for a septic focus m some part of the 
body. It is most frequently fotmd m the mouth— pyorrbffia 
alveolans— in the nose and accessory nasal sinuses, or, espe- 
cially in women, in the genital tract The frequenev of 
streptococcal bactentcmia associated with pynhcca has licen 
conclusively proved, tho streptococci being usually of the 
vindans type— 10 per cent of cases, 70 per cent immediately 
after extraction of teeth (OkcU and S D Elhott ) Very often 
no such source of toxins can be demonstrated, but the patients 
are usually of a debilitated type There la often constipation, 
nod it IS not improbable that the intestinal tract is a frequent 
source of the toxins 

The disease is generally very chronic and liable to exacerba- 
tions with gradual and insidious formation of postenor syne- 
chi® Vision IS greatly diminished during the more acute 
stage, and recovers considerably in the intervals, but each 
recurrent attack leaves more and more permanent defect 
There is usually increased tension duxmg the more acute 
stages, and this may be so great as rapidly to abolish vision 
unless rcbeved The eye may finally become soft and tender, 
STid eatsr isUf the ccadittcn ol fhthisjs hat this i>cears 
only alter many years m simple cases of irido cjclitis Less 
serious cases however, not uncommonly occur, especially 
when the septic focus, e g , pyorrhoea alveolans, is discovered 
and IS amenable to radical treatment 

Treatment of indo cychtis is essentially the same as that 
of intis, but special attention must be directed to any septic 
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foci which may be found and to the general health Septic 
foci Buch as pyorrhcea alTeolans, nasal, genital, or urinary 
sepsis, furunculosis i,c , must be radically treated when 
possible If there is extensive pyorrhoea only four or five teeth 
should be removed at a time, smce absorption of toxins from 
the gums may cause a severe exacerbation of the cychtis and 
even alarming shock In some cases an autogenous vaccme 
has produced rapid cure, but more often it fails The cases 
often drag on indefinitely, with occasional exacerbations 
During the more acute phases energetic treatment with 
atropine, hot bathings or the electnc heater, and if neccssarj 
blisters or leeches, is indicated Small doses of calomel (gr I, 
three times a day) or salol and sabcylates do good m many cases 
of obscure aetiology, probably by acting as intestmal diainfec 
tants Iodides help to cause absorption of vitreous and other 
exudates Hexamme has been recommended on theoretical 
grounds, but has proved disappomtmg In severe cases the 
patient should be kept in bed and submitted to mercurial 
inunctions or baths, which often do good in cases m which 
there is no specific history Diaphoresis by vapour baths and 
hypodermic mjections of pilocarpine may be tried m intractable 
cases, which form the majonty Cases of syphihtic or tuber 
culous origin, of course, require the appropriate methods of 
treatment, but tuberculin should be used with great caution 
(t«fep 269) Some cases, probably tuberculous, show marked 
improvement after a course of idtra nolet radiation of the 
skin , the eyes should be carefuUyprotected by suitable glasses 
(vtde p 185) during the exposures Other cases are improved 
by protein shock (tide p 694) 

If the mtraocular tension is raised seriously, so that there 
IS danger to the sight of the eye from this cause, it must he 
relieved by paracentesis {ude p 209) This usually has only a 
transitory effect, and may requite to be repeated every two or 
three days It is theoretically unsatisfactory, smce the com- 
paratively sudden reduction of the mtraocular pressure to 
zero causes dilatation of the ciliary vessels and allows the 
passage of a lymph which is even more albummous than that 
which has been let out It should therefore not be resorted to 
unless imperatively indicated On the other hand, the final 
result is often very satisfactory, probably because the rapid 
flow of lymph flushes out the secretory channels and carries 
away endothelial and epithelial d4bris and stagnant toxins 
If repeated paracentesis fads to rdieve the tension, an mdec 
tomy may do good , it may be necessary to do a Herbert’s 
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sclerotomy or an ontenor sderMtomy (treptimng), but tins 
should only be done as a last resource, sjnee the results ore 
usuallv ^ ery disappointing 

During the intervals between exacerbatious the pupils 
should be kept moderately dilated wth weak (0 o pet cent ) 
atropine The patient should have plenty of fresh air, good 
diet, and tonics 

If the eye becomes useless, shrunken, and painful it may be 
necessary to excise it 

Plastic Indo cycUlis The pathology of this condition has 
already been described incidentally In it the signs of irido 
cyclitis m general are increased The cyclitic membrane 
behind the lens may be seen with the ophthalmoscope or even 
by obbqiic illumination In young children the condition 
forms one type of pseudo glioma (Chap XIX ) In the later 
stages the degenerative changes m the ciliary body prevent it 
from fulfilling its functions of supplying the eye with lymph 
and nutriment The vitreous suffers first, becoming flmd, 
md later the lens, which becomes opaque Finally the eye 
sbnnks (phthisis bulbi) 

Treolment is the same as for chrome indo cychtis The 
blind, shrunken globe is often painful and a continual source 
of aonorance to the patient It should in these circum 
stances, be excised 

Gumma of the Ciliary Body causes an intense acute plastic 
irido-cycbtis with severe iritis much etudatioa into the anterior 
chamber, often deep infiUtation of the cornea and usually great 
pain It IS a rate complication of syphilis, not confined to the ter 
tiary stage It varies in the seventy of the BymptoniB and the 
rate of progress It is only to be diagnosed cbmcally with cer 
tamty when the infiammation extends into the sclerotic {vide 
p 253) If jt does not respond to active anti sypluhtic treatment, 
the eye eventually shrinks 

Tubercle of the Ciliary Body occurs %vith tubercle of the 
ins and of the choroid, and is osually only to be inferred clinically 
rather than dehoitely diagnosed As already mentioned, the 
tubercle bacillus may account for some cases of chronic cychtis 

Uveoparotitis (Syn — Ueerfordl s Disease) is a chronic bilateril 
pirotitis and uieitis, generally occurring between ten and thirty 
years of age A low grade fe\er, sometimes accompanied by a 
rash like erythema nodosum, proves or follows the swelling of 
the parotid There is frequently paralysis of the viitli nerve, 
and other signs of peripheral ncuntis, e 5 , ptosis, diplopia, 
recunent laryngeal paresis, occur The parotid swellings may 
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last for SIS \reeks to two years, but gradually subside Evidence 
of tubercle bas been found in all cases examined histologically 
An allied condition is Boech's sarandosis a low grade uveitis 
associated with nodules in the iris, cornea skm &c 

Secondary Intis See Chap XXI 
Purulent Indo-cydiiis See Chap XXI 
Sympathetic Indo cyditxs See Chap XXT 

Degenerative Changes in the Iris 
Depigmentationof theirisiaeeeniD old people and examination 
with the slit lamp has shown that disintegration of the indic pig 
ment is a constant senile phenomenon Depigmentation of the 
pupillary margin is common and may occur in the form of «mall 
triangular patches or radial fissures Irregular lacun's m tbe 
retina] pigment may often be seen by transillummation, either by 
the slit lamp or by contact lUamination Atrophy of the stroma 
especially near the pupil, is also common and the pupillary 
border may be frayed out and very iiregulai, independent of 
infammatory changes 



CONOEMTAL AbNORUALITIES OF THE IrIS 
One ins may have a different colonr from tbe other, or parts 
of the same ins usually a sector, may differ in colour from the 
remamder Both conditions are known as 
heterochromiii xndts The blue ms is due to 
the absence of pigment m the ms stroma, the 
pigment m the retinal epithelium being seen 
through the translucent stroma The eve 
with the lighter ins seems to be specially 
Fio 160 — Con prone to indocyclitis Many of these cases 
Wrong diagnosis, the lightness of 
the ms being due to degeneration folhinng 
mdocyclitis , but this explanation does not account for aU 
the cases (Puchs) 

Indes often have patches of brown pigmentation , these 
benign tnehnomata are due to abnormal groups of retinal pig- 
ment epithelium lying m the posterior layers of the stroma 
The pupil IS normaUy slightly to the inner side of the centre 
of the cornea In some cases if is considerably displaced, 
usually also to the nasal side — corec^o-pta (<0^17, pupil, e« out 
of, TOTTo?, place) Rarely there are other holes in the iris 
besides the pupil — polycorta 

Tbe ms may he apparently absent — anmdta or mdermxa 
Anatomical mvestigation has shown that there is always a 
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nniTow nm persistent at the cahaiy bortler, but it is hidden 
Irom view during life by the sclerotic On ejamination the 
ciliary processes and the suspensory ligament of the lens can 
be seen Aniridia is usually bilatcwl There is a tendency 
for secondary glaucoma to devdop in these eyes, a remnant 
of the ins blocking the angle of the anterior chamber 

There may be a gap m the ins, usually pear shaped or like 
aGotbicarch continuous with the pupil and extending towards, 
but not always as far as, the ciliary border It is called a 
co)^en\tal coloboma mutilation) of the ms (Fig 

ICO) It IS usually downwards or down and slightly in, cone 
snoadmg with the position of the fcetal so called choroidal 
cleft such a coloboma is called typical Colobomata are 
found m other directions, and are then atypical Typical 
coloboma of the ms is often associated with typical coloboma 
of the choroid {qv ), and m some cases with coloboma of the 
Ions It 18 one of the commonest congenital malformations of 
the eye 

Permleni Pupillary Membrane is due to persistence of part 
of the anterior vascular sheath of the less, a fcetal structure 
whicli normally disappears shortly before birth Pine threads 
strbtch across the pupil or may be anchored down to the lens 
capsule (Plate VI , Pjg 3) They are distinguished from post 
inllammatory syncebus in always coming from the anterior 
surface of the ms just outside the pupillary margin i c , from 
the position of the corona or circulus indis mmor Such tags 
arc of frequent occurrence and arc of no pathological import 
ance They are commonest m babies and probably undergo 
further absorption as age advances but many persist perma 
nentlj Examination wutli the slit lamp shows that minute 
remnants of the pupill'wy membrane are very common ev cn m 
adults 

The fcetal pupillary membrane consists of a network of 
mmute blood vessels supported by a very delicate stroma 
which contains pigment cells Sometimes the pigment is left 
on the lens surface and persists It forms a stipplmg of very 
fine brown dots scattered over a circular area 5 or b mm in 
diameter m the centre of the pupil These spots are distm 
guislicd from pigment spots left by posterior synechiaj which 
hav e btol cn down (tide p 261) m being much smaller, stellate 
m shape when magnified under the slit lamp much more 
numerous and v eij regularly arranged, and also by the ab«cnce 
of any concomitant signs of intis Thej do not usually 
interfere appreciably with vision 
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TuiiOUKS AIJD (XSTS OF THE IbIS 

Tumours of the Ins and Ciliary Body See Chap XX 

Cysts of the Ins Serous cysls of the ms sometimes occnr, 
and are due to closure 0 / ins crypts with retention of duid Cijs(s 
of the retinal epithelium occnr, due to accumulation of fluid between 
the two layers of retinal epithelium They look like a homb4 ms 
limited to parts of the ms — a Imutatioa which is impossible m the 
case of true bomhe ms (? « ) In these cases the postenor layer 
of epithebum is often adherent to the lens Implantation of epithe 
hum on the ins sometimes occurs after perforating wounds or 
operations giving rise to pearl cysts or cholesteatomata The 
epithelium may spread over the ms and line the whole antenor 
chamber, causing glaucoma Many anch cases are not true implaa 
tation cysts, hut are due to downgrowth of ep'thehnm from the 
conjunctiva occurring in badly healing wounds Eyelashes are 
sometimes carried into the anterior chamber in perforating wounds 
and lodge upon the itts 



CHAPTER XIV 
Glaucoma 

Glaucoiia 13 a symptomatic condition, not a disease su\ 
generis Tho charaotemtic physical sign is mcreased intra- 
ocular pressure It mil be cleat from the description of the 
mechanism ishcrcby the normal intraocular pressure is mam- 
tamed {ude p 14) that increase may be due either to {1) 
i ncreas^ production of lym ph awnated with normal or 
diiniDisbed outflow, or to (2) diminished outflow associated, 
TiftTmfll or mcreased inflow^ 'rbougb tbft factors wh oh 
cause increased production of aqueous, such as increased 
permcabilifcy of the capiUanes, brought about by the presence 
of lustamme like substances and by azon redezes, cannot be 
eUmmated, )ct it is probable that pathological increase of 
tension is generally duo to defective outflow It is probable 
that m some cases the vitreous plays a preponderant part, 
but the rationale must remain speculative nntu our knowledge 
of the properties of the vitreous gel is further elucidated 
Two great classes of cases in which the t ension is pat hoingi 
csl ly mcreased can be distinguished. \uz V-fl Ylhose m which 
tHriension is only moderately increased, m which the anterior 
chamber is deep, and m which there are more or less defimte 
signs of inflammation of the ciliary body (Chap XIII ) , and 
(2) those m which all grades of mcreased tension are met with, 
m which the anterior chamber is shallow, and m which, though 
there may be very evident signs of congestion and irritation, 
any defimte signs of cibaty inflammation are either absent 
or secondary m onset It is well to keep these two groups 

3 uite separate, since their pathogenesis is different and the 
ifferences m clmical course and treatment are marked The 
term glaucoma should be limited to the second group 
Tnw glauco ma ma y be conveniently dieided mfo two forms, 
pri mary a nd se ^ndar ; ^ ^ Since the pathology of secondary 
glaucoma hBs been fairly well elucidated and throws some light 
upon that of pnmary, tho former wili_bo consi dered first 
Secondary Glaucoma *We have seen that the increased 
tension of indo-cycbtis can be ^plained by defective filtration 
of the aqueous at the angle of the anterior chamber owing to 
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tte VISCOUS nature of the fluid, though capillary dilatation 
may play a part {vide p 17) Secondary glaucoma is almoi; 
invariably associated with mechanical obstruction at the same 
spot Usually the obstruction takes the form of adhesion of 
the ins to the back of the coraeo sclera This penpheral 
anterior synechia causes the obliteration of the network of the 
hgamentum pectmatum mdis, and prevents the fluid from 
gaimng access to the canal of Schlemm It is therefore 
imprisoned within the eye and the intraocular pressure rises 
In order that this may occur it is necessary that the angle 
should be obbterated over a considerable part of its circum- 
ference, but there is a great tendency in most cases for the 
cause which has produced partial penpheral antenor synechia 
eventually to complete the circuit In some cases m which 
secondary glaucoma supervenes there is no actn »»1 
but the meshes of the hgamentum pectmatum are choked with 
leucocytes, pigment granules, fibnn, Ac , so that filtration is 
inefficient 

Though penpheral anterior svnechis gppTPs definitely t o bo 
fbp immotliafa .-aiisp. nf soffondary it is itself 

produced by a vanety of conditions, most of which are various 
forms of antenoi or postenor synechia 

When an antenor s^echta is formed the plane of the ms 
IS advanced, so that t^e angle of the antenor chamber on this 
side IS made more acute than nonnal The cause which led 
to the formation of the synechia also causes mtis usually of 
the traumatic type Traumatic intis is merely a plastic intis 
due to mjury In it much exudation is poured out, posseting 
great tendency to orgamse It collects m the diminished 
angle and becomes transformed mto fibrous tissue, which 
welds the ins and comeo sclera together, thus producing a 
penpheral antenor synechia, which may be stnctly locahsed, 
so that DO secondary glaucoma supervenes Such eyes, how 
ever, are liable to fresh attacks of intis, often of an insidious 
character Each attack is followed by further occlusion of 
the angle, until finally the amount remaining open is insufficient 
to carry out efficient filtration and the pressure nses 

The chief causes of secondary glaucoma are the foUowmg 

(1) Perforation of the cornea with antenor synechia The 
perforation may be due to an ordinary perforatmg wound of 
the cornea with mcarceration of ms m the scar, or it may be 
due to a perforatmg comeal ulcer The wound may be due to 
an operation, e g , extraction of cataract, for a penpheral sec 
tion through the comeo scleral margm or actually m the «clero 



PLATJ VIII 





Fia 1 — Disseminated eboroiditi^ 



Fig “I — pDptBred eboro d 






GLAUCOMA 


281 


tio near the margin has a similar effect to a wound m the cornea 
The 8)niechia need not necessarily be of ms, but after cataract 
extraction is often one of the lens capsule, which has the same 
eSect of advancing the contiguous parts of the ms and obliterat- 
ing the angle Secondary glaucoma after operations may also 
be due to other causes {vtde p fK)2) 

(2) Annular ^5/erior syne^ta (vide p 259) This acts bv 
interposing an impermeable bamer between the postenor and 
antenor chambers The lymph secreted by the ciliary body is 
thus prei ented from passing forwards into theantenorcharaoer 
The ms becomes bowed forwards — bomb^ — and the penphery 
becomes apposed to the comeo sclera, where it later becomes 
adherent The aqueous la thus unable to escape from the eye 
and the tension rises If the condition is not relieved by opera 
tion secondary glaucoma causes bhndness The prolonged 
high tension then causes degeneration of the ciliary processes, 
which cease to produce so much fluid, so that finally the tension 
ma} be normal or even sub normal, and the eye may shnnk. 
The condition is relieved by mdectomy, or if this is impossible, 
by iridotomy, communication between the postenor and 
anterior chambers being thus restored 

(3) Wounds of the lens When the lens is wounded it swells 
(vide p 446), and pushes the ms forwards into contact with 
the comeo sclera Moreover the swollen lens matter in the 
aqueous impedes Sltration through such part of the angle 
of the anterior chamber as remains open, Iwth mechanically 
and also by increasing the albuminous content of the aqueous 
Merc apposition is sufficient to produce permanent secondary 
glaucoma, which should at once be relieved by operation (vtde 
p 446) If It is not performed the ms becomes adherent to the 
comeo sclera and the glaucoma becomes permanent, although 
the lens eventually may be absorbed 

(4) Dislocation of the lens This may be complete through 
the pupil into the anterior chamber It then blocks the angle, 
especially if the ms is firmly contracted against its posterior 
surface Partial lateral dislocation of the lens causes it to push 
forwards the ms on the side towards which it is dislocated 
Since the circle of the equator of the lens is not much smaller 
than that of the angle a considerable portion of the latter may 
be blocked, and secondary glaucoma supervenes 

(5) Intraocular tumour The mechanism whereby this pro 
duces secondary glaucoma will be described later (vide p 420) 

(G) Intraocular hamorrhaffe Severe intra-vitreous or sub- 
choroidal biemorrbsgB forces forwards the vjtrcons and lens, 
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so that the iris is pushed into contact with the cornea. It also 
acts by filling the eye with highly albuminous fluid which filters 
with difficulty. If the vessd which has ruptured is large the 
tension may be raised to that of blood pressure. 

A special type of glaucoma is sometimes met with after 
retinal haemorrhage, which may be due to some unknown cause 
or to thrombosis of the central vein (q.v.). It is probably caused 
by misture of the lymph with albuminous fluids. Such cases 
are sometimes grouped leather under the designation hainor- 
rhagic glaucomot a term which is however best avoided. They 



Fio. 161. — Normal aogle of aaterior chamber, 
may be indistinguishable from primary glaucoma if not seen 
until tbe media are too opaque lor ophthalmoscopic esamina- 
tion. Iridectomy is likely to be accompanied by severe 
hemorrhage, and is therefore contra-indicated. 

JW-ijaary dsuroma. The cause of prima^ glaucoma Js 
unknown. An attractive theory is that of Piiestley Smith, 
who attributes the preponderant role to the lens. It has 
already been pointed oat (wde p. 9) that the lens continues 
to grow throughout life. The space between the equator of 
the lens and the ciliary processes, the circuinlental space, ^ 
therefore become smaller as the patient becomes older. If the 
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eye is small tlie space may tecome so dimmished that slight 
congestion of the ciliary processes may bring them in contact 
with the lens. The effect will be to prevent the fluid which is 
secreted by the ciliary body from passing forwards through the 
pupil. The lens will therefore be forced forwards, and will push 
the iris in front of it, making the anterior chamber very shallow, 
and bringing the periphery of the iris in contact with the 
comeo sclera. In this manner the filtration angle will be 
occluded and glaucoma will anpervene. If the condition per- 



Fra. )S3~-Prn(fh«ni* cntcnor cynecbiA cansuig blocLsgs ol the 
Eltretion angle, Ar roroea , B, canal ol Sebletnin , E, ina. 

sists an acute attach of glaucoma is caused. If the occlusion of 
the angle is not complete a subacute attack is caused, and the 
.spontaneous diminution of the congestion of the ciliary body 
may relievo the condition. The onset of fresh congestion leads 
to another attach', ona" tfius cdronic gihucoma is drougdc' a bout 
It will be seenfromuLat followsthat the facts ofteafifc in very 
well with this theory. 

Primary glaucoma is essentially a disease of late adult or 
advanced life. It usually occurs after fifty years of age and 
is very common in Jews. It is sometimes hereditary, and in 
these cases affords examples of " anticipation ” (Nettleship), 
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le it occurs at an earlier age m eacH succeeding generation 
It IS commoner in ^romen, who are more liable to lenous 
congestion in vanous parts of the body Hypermetropic eyes 
are more susceptible than those with normal or myopic refrac- 
tion, m fact, pnmaiy glaucoma is uncommon in myopic 
eyes This has been shown to he due not to the hyperme- 
tropia per se, but to the smallness of the eyes In order that 
an eye may be hypermetropic it is not necessary for it to be 
small, but as a matter of fact hypermetropic eyes usually are 
small It has been found that the sire of the comes is a good 
cntenon of the size of the nng formed by the cihary processes 
» e , of the circumlental space The size of the lens vanes 
bttle m different eyes of patients of the same age It follows, 
therefore, that an eye with a small cornea will probably ha\ e a 
small circumlental space, and will be very liable to glaucoma 

As age advances the anterior chamber becomes shallower 
This will have the effect of dunmishing the sire of the angle of 
(he anterior chamber, and stdl more so if the cornea is smsU 
Filtration is earned out less easily when the meshes of the 
hgamentum pectinatum mdis are crowded together than when 
they are widely separated Moreover the fibres of the Lga 
mentum pectinatum tend to become thickened and «clero«ed 
m elderly people In these eyes a very slight farther diminu 
tion of the angle may bnng on an attack of glancoma Thus 
the mere dilatation of the pupil with a mydnatic, by foldmg up 
the ms so that it is crowd^ into the angle, may suffice to 
occlude it entirely , hence the extreme danger of instilling a 
mydnatic uifo the eyes of elderly people, especially if they are 
hypermetropic or have small cornea: and shallow anterior 
chambers Here swellmg of the lens m the early stage of 
cataract (tndep 307) may induce glaucoma m eyes predisposed 
to the disease Although many of these elderly patients have 
arteriosclerosis and abnormally high blood pre^tsure there is 
no sigmficact correlation between this and the incidence of 
glaucoma although such might ha\e been anticipated (vide 
p 18) It IS to be remembered that high systemic blood 
pressure is often associated with low capillary pressure 

Since both eves usually have a similar structure, glaucoma 
IS likely to be bilateral, but one eye is generally affected before 
the other 

The anatomical effects of pathological mcreased intraocular 
pressure are as follows The already shallow antenor chamber 
IS made still more shallow In an early acute attack the pen 
phery of the ms is merdy apposed to the comeo sclera In 
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the later stages and in ctronic glaucoma of some standmg it is 
firmly adherent Thelongerthc condition haslasted the firmer 
IS the union The ina is first bound down by organised exudate , 
later, the ins stroma atrophies and the inner wall of Schlemm’s 
canal, which may be almost obbfetated, is covered only by 
degenerated retinal pigment epithclumi Antenor to this a 
“ false ” angle la formed where the ms lea^es the cornea , no 
filtration can take place either through the penpheral antenor 
synechia or through the false angle 
The part of the eye which suffers earliest and most from the 
increased pressure is the head of the optic nerve The lamma 
cnbrosa, which is more resistant than the nerve tissue is less 
resistant than the sclerotic Hence it becomes pushed back 
wards the nerve fibres being depressed also The first mam 
festation of the effects of pressure is a bowmg backwards of 
tbc connective tissue which forms the larmna cnbrosa.so that 
It becomes concave antcnorly instead of passmg straight across 
the porus opticus This effect contmnally increases, until the 
lamma cnbtosaisdisplaced backwards as a whole Meanwhile 
the nerve fibres 


have been pressed 
together, so that 
the papilla becomes 
flat or depressed 
The pressure causes 
the nerve fibres to 
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atrophy, bo that Fio 163 — A <lingTam of meridional Eeelioa of 
finally the lamina E, *i agrata of mendional section 

of gliiocoraatous cupped clwc 2»ot« the d « 

CTlbrOsa 19 exposed pbewneat backn-ard* el the JaDuna cnbm>a. 
upon the surface 

In the final stage a deep cup is formed, generally having 
01 erhanging edges 

The steady or recurrent often only moderately raised pres 
sure of chrome glaucoma is mote hablo to cause cuppmg of the 
disc than the rapidly mduced high pressure of acute glaucoma 
Ifcnce the disc may appear normal after the rchef of acute 
glaucoma by operation It must be remembered, however, 
fiat tie acute attack may be superposed upon a fong standrag^ 
chronic glaucoma 

Pulsation of the arteries at the edge of the disc is often seen 
m glauconn While venous pulsation is of little importaoce, 
spontaneous arterial pulsation is always pathological (tide 
p 127) Itisnotalwaysspontaneousmglaucomaifthetensiou 
IS not very high, but even then it is mduced by very slight 
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pressure of the finger through tie lid The arterial puLatiou 
IS due to the increased pressure upon the walls of the vessel* 
80 that the intravascular pressure is only able to force blood 
through at the height of the cardiac systole 
Other parts of the eye show leas change The pressure 
causes degeneration of the nerve fibre layer of the retina 
The choroid becomes degenerated and thinned, only the larger 
vessels remammg The ciliary body becomes degenerated m 
the last stages after which the tension may cease to be raided 
owing to defective secretion of lymph 
The subjective effects of pathological increased intraocular 
pressure are manifold Pam is complamed of, due tostretching 
of the sensory nerves of the eye The patient sees coloured 
haloes round lights, 
these are due to 
alteration m the re 
fractive conditions of 
the comeal lamella 
The colours an? 
generallv distributed 
as m tiie spectrum 
with red at tne outer 
margin m the img 
The pupil become# 
slightly dilated and 
immobile owmgprob 
ably to oedema and 
pressure on the 
ciliary nerves ns they 
run through the 
choroid Rapid 
diminution m the 
amplitude of accom 
modation may be a promment feature so that there is 
an apparent mcrease m presbyopia It is attnbutable to 
pressure on the ciliary nerves and on the cihary mu-cle 
Dimmution of visioq js due to cloudiness of the media 
retardation of the blood floiv and pressure on the nerve 
fibres m the retina and optic papilla Cloudme «3 of the 
media affects the cornea pnncipaHy, nnd is due id the 
early stages to altered refractive conditions m the later to 
mdema Pressure on the nerve fibres first affects the 
temporal side of the retina and therefore the nasal «ide of 
the field Later the field becomes contracted m all direc 
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tiotts, and central \7s1on is depressed Finally, vision is 
abolished, owing to total atrophy of all the fibres 
Acute Glaucoma In even the most acute cases of glaucoma 
careful inquiry will often elicit prodromal symptoms 
Transient attacks of obscuration of vision, as if a cloud 
were m front of the eye, have occurred Bright lights have 
appeared to be surrounded hy rainbow haloes A feelmg of 
discomfort m the ejo and neuralgic headache accompany 
these symptoms Such attacks become more frequent, come 
on especially at mght and after excitement or worry. It is 
noticed that stronger glasses arc required for near work 
This condition may extend o\er months or years 

If the patient is examined while the symptoms are present 
it wiH be found that there is a slight haziness of the cornea, so 
that it looks bluish, like glass that fans been breathed upon — 
hence the term glaucoma (7Xair*ro?, sea green) If the field of 
vision IS taken Mtwecn the attacks some slight contraction of 
the nasal field may be found, but central vision may be perfect. 

The acute attack sets in suddenly It may be due to some 
condition inducing venous congestion, f g constipation, men 
Btruation, oier feeding, alcohol,. Ac , or to worry, fatigue, a 
recent illness, or to the instillation of a mydnatic The pam 
and anxiety of acute glaucoma in one eye may mduce an attack 
m the other Intense pain is felt m the eye and over the dis 
tnbution of the fifth nerve The pain is frequently so bad that 
it causes vomiting, and the attack is liable to be mistaken for 
a severe “ bilious attack ” The temperature may be raided. 
The constitutional disturbance is often so great that the patient 
is prostrated, the pulse becoming irregular and intermittent 
The vision rapidly diminishes, so that in a few hours only hand 
movements can be recognised In a considerable number of 
cases both eyes arc affected almost simultaneously 

Objectii e examination shows some cedema of the lids and 
Lonjunctii a ; the latter is intensely congested and looks dusky 
red, owing to the dilatation of the \ein3 Ciliary congestion 
IS marked The cornea is cloud} and msensitiie to the touch 
The anterior chamber is very shallow The iris is discoloured, 
the dilated xmd oiah generally with the long 

axis \ ertical The reactions to light and accommodation are 
abolished Ophthalmoscopic examination is impossible owmg 
to the cloudiness of the cornea The tension of the eye is 
considerably raised 

There is no true inflammation in the early stages, so that 
the term inflammatory glaucoma, frequently used, is mad 
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visable , xt should be replaced by congestive glaucoma The 
condition is probably m part due to the liberation of histamme 
m the tissues, as indicated by excess of histamine m the 
vitreous in glaucoma associated with epidemic dropsy in India 
(Kirwan) This would account for the failure of adrenahno 
and its compounds (glaucosan lasvo glaucosan) to relieve the 
congestion (vide p 17), it would also account for the failure of 
cholme derivatives, eg, doryl, and histamme m the form of 
ammo-glaucosan (wde p 64i 

If the condition is not reheved by operation, the amount of 
permanent diminution of vision depends upon the seventy 
and duration of the acute attach Total abohtion of vision 
may result More frequently improvement occurs, ushered 
m by dimmution of pam Considerable lowering of the visual 
acuity, and, still more contraction of the field, follows every 
acute attack All grades, mdeed, may be met with, from the 
mild prodromal attacks to the severest, with complete blmdne^ 
The tension remains permanently slightly elevated Some 
congestion and untability persist The pupil reacts sluggi^hl) , 
and the ms shows signs of atrophy, usually first in one oi more 
sectors Ophthalmoscopic examination now becomes possible 
Cuppmg of the optic disc may or may not be found, according 
to the duration of the raised tension before and after the aente 
attack A smgle acute attack is not followed by cuppmg tmme 
diately, for this demands more or less prolonged high tension 

In every disease of one eye the other should be thoroughly 
exammed In acute glaucoma it may be found that chrotuc 
glaucoma has existed long unobserved m the other eye, and 
well marked cuppmg of the disc may be present The same 
causes which mduced the acute attack in one eye may rapidly 
induce a similar attack m the other The pam and worry 
associated with preparations for operation and so on increase 
the danger Tins eye should therefore be carefully watched 
and prophylactic measures adopted It is usually sufficient 
to instil a drop of 0 5 per cent solution of eseimem the sound 
eye every day so as to keep the pupil contracted 

It 13 of the utmost importance that pathological cupping 
of the disc should always be recogmsed w hen 'present (Plate 
Vni , Fig 2) When folly developed it differs in ophthalmo- 
scopic appearance from a deep physiological cup, w ith which it 
13 most likely to be confound^ in that the excavation reaches 
to the edges of the disc and the aides are steep, not shelving 
The retmal vessels have the appearance of bemg broken off at 
the margm of the disc If they are accurately focussed here 
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their contiQuations upon the floor of the cup arc slightl> out of 
focus and look broader and paler \Mjen the edges overhang, 
IS 13 often the case, the course of the \ easels as the\ chmb the 
ndes of the cup is hidden By the indirect method slight 
lateral movement of the large lens causes a distinct parallax 
[ndcp 117) which 15 more marked the deeper the cup Bv 
the direct method the difierence in level between the vessels 
it the edge and on the floor can be measured (vide p 121) 

There is always some atrophy of the optic nerve when the 
lisc IS cupped by the glaucomatous process , it is therefore 
Qot surprising that there may be great difBculty m distinguish 
iflg a shallow glaucoma cup from the slight depression which 
folions simple atrophy of the nerve without increase of 
tension {nde p 397) If the cup is deep and total it is certam 
to be glaucomatous, except m the rate cases of ectatic coloboma 
of the disc (? V ) In shallow glaocomatons cups the disc 
has a pmk colour, whereas the atrophic cup is white In 
many early cases all the conditions have to be weighed care 
fully before it is possible to come to a definite conclusion , the 
Tseld of vision usually aflords the most important cntenon, 
the contraction beme chiefly nasal in early glaucoma, con 
centnc m optic atrophy 

The final stage of the untreated disease is o&3ofu(e glaucoma. 
The eye is completely blind The anterior cihaty veins are 
dilated!, and a reddish blue 


rone surrounds the cornea 
The cornea is clear, but 
insensitive , it may have 

vesicles (bullous keratitis) Jf \\ 

(Fig 149) or filaments (fila 1/ 

mentor} keratitis) upon ' \ 

it The ailterior chamber Fio IW — Diagtam Blio\nng mtercaUrv 
is very shallow Theinsis region 


dilated, atrophic and may have a broad zone of pigment 
around the pupil (ectropion of the uveal pigment) The 
pupil IS grey or greenish, instead of jet black The optic 
disc is deeply cupped The tension is high , usually the 
eyeball is ns'hatH as stone Buch an eye is generally painful 
with temporary exacerbations, though patients often prefer 
to beat the pam rather than submit to excision If it )« 
still retoinod degenerative dianges occur The more im 
portent are due to giving nay of the sclerotic before the 
continued high mtraocular pressure In this manner scleral 
staphylomata are produced They may be m the neighbour 
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hood of the cihary body— ciliary staphylomata, or at the 
equator— equatonal staphylomata 
Anatomical mvestigation shows that ciliary staphylomata 
are of two kinds In one, the region where the ins is adherent 
to the comeo sclera gives way (Fig 165) These are called 
intercalary staphylomata (Fig 166) In them the ms projects 
mto the antenor chamber from an attachment at the aatenor 
margm of the staphyloma, while the ciliary body, little 
altered, forms the postenor margm The other form is the 
true ciliary staphyloma (Fig 167) In this the region of the 
ciliary body itself gives way, 
so that it becomes spread out 
over the innersurfsce of the 
ectasia In many cases both 
parts become ectatic Cluu 
cally it IS impossible to dis 
tmguish between these forms 
hqnatonal staphylomata can 
only be seen clmicallv when 
the eye is turned well to one 
side and the lids separated 
Fio 166 — Djagraa . The thinning and bulcing of 

ca r 7 e »p y om* sclerotic occuTs pnacipallf 

at the spots which are weakened by the perforation of the 
vortex veins and are unsupported by the recti muscles Such 
gl^obes may become enormous, with walls as thm as paper 
^ere is considerable danger of rupture from slight injury 
Sooner or later the tension becomes normal or diminished 
m eyes with absolute glaucoma 
This may be due either to 
stretchmg of the walls as already 
ezplamed, or to degeneration of 
the ciliary body, whereby its 
secretory functions are dimi 
mshed or abolished Usually 
both factors play a part, varying 
according to the particular case 
Such an eye may even shrink, 
but more commonly ulceration 
of tie cornea occurs, owing to „„ i67_D.,Er.n. iboioag to. 
the defective resistance of the ciliary staphyloma 

degenerated tissues Hypopyon 

ulcer, panophthalmitis, phthisis bulbi then form the sequence 
of events 
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Dtagiiosis Acute glaucoma is more likely to be mistaken 
for intis than any other disease The differential diagnosis 
has already been discussed (p 260) 

Treatment Acute glaucoma demands immediate energetic 
treatment It is imperative that the tension shall be re 
duced as Boon as possible Theoretically this is best and 
most permanently effected by immediate operation, as in 
many cases other measures iail The moment is, horrever, an 
uitfavourahlo one for operation The conjunctiva is chemosed, 
the anterior chamber is extremely shallow , there is no time 
for exhaustive preparations, and a general anesthetic vnll 
be necessary owing to the impermeability of the stretched 
cornea to local anaistliesi'i Owing to the constitutional dis- 
turbance and the irregular action of the heart, one may feel 
diffident about giving a general awesthetic m these cases 
The danger is liable to be over estimated 
It IS permissible to try other remedies for a short time first 
It 13 first essential to draw the congested ms away from the 
filtration angle This is attempted by instillmg esenne (1 per 
cent ) into the affected eye at five minutes’ mtervals for half 
an hour, and then hourly, until the intraocular picssuio is 
reduced or an operation oecomes imperative Esenne per 
cent ) should bo instilled into the other eye and contmued 
twice daily during the critical state of the effected eye The 
action of esenne is assisted by medical diathermy An eye 
pad, composed of layers of cotton wool wnmg out m warm 
saline and applied evenly to the closed Uds, la attached 
through a special headband to one of tbc electrodes, the other 
being bound to the arm The current is slowly mcreased 
until the heat is as strong as the patient can bear This is 
generally between 300 and COO milliamperes it is mamtamed 
at this reading for five minutes and then slowly reduced to 
zero An injection of morphia (gr }) also helps to relieve pain, 
and acts ns a miotic 

Ucctal administration of 6 ounces of 60 per cent mag 
nesiura sulphate is more dficacious m reduemg the intraocular 
pressure than the intravenous injection of hypertonic saline 
(60 c c of 30 per cent sodium chlonde), which is not free 
from risk, especially m patients with albuminuria 
The application of leeches to the temple a'fsists the reduction 
of congestion Hot bathings are given hourly m the intervals 
of diathermy, which is not used moio than twice a day 
Even if the results are satisfactory treplunmg must be 
performed when the eye is quiet If it is imperati\ e to operate 

10 — « 
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m the acute stage, indectomy should be performed, not 
trephining There is, indeed, one objection to palhative 
and non operatn e treatment, e\ en when it is succesfal 
VIZ , that the patient may refuse the radical operation when 
the acute stage has passed off In cases m which this is to 
be feared, it is advisable m the patient’s interest to perform 
the operation at once On the other hand the ultimate result 
13 more satisfactory if trephming can he done — for one reason 
because it causes less antigmatism than iridectomy If then, 
should be a lacrymal mucocele (tide p 051) present both 
canabculi should be ligatured, or the puncta cauteri'ed with 



the actual caute^ If both eyes are affected, both should be 
operated upon at the same sittmg In no other disease is this 
procedure indicated or even justified 

If the mtraocular pressure remains high in spite of treatment 
an immediate operation is necessaiy The classical operation 
IS mdectomy (tide p 471), and the results have usually been 
verv good It has the ^advantage of causing some astig 
matism, which is avoided by trephining , but owmg to the 
extreme congestion of the ejre the technical difficulties of the 
latter operation are mcrea^ These, however, have been 
much reduced with modem methods of amesthesia by mtra 
venous sodium pentothal, which lowers the blood pressuw 
md incidentally the intraocular pressure also It is possible 
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pro\ cnt a sudden reduction of the intraocular presaure b} 
withdrawing the trephine very slowly A wide peripheral 
iKdecfcomy should be done, leaving the sphincter pupill-n 
intact 

Iridectomy was first tried ior glaucoma by von Grade 
(185G) on the erroneous theory that as it lowered the tension 
of the normal eye (which is not true) it would be beneficial 
m glaucoma The true explanation of the efficacy of indec 
tomy in glaucoma is that it reopens the angle of the antenor 
chamber and thus restores filtration In acute glaucoma the 
1118 IS at first merely apposed to the comeo sclera at the 



periphery The manipulations draw it away Part of the 
ms 13 then tom away at its ciliary attachment, and the angle 
of the anterior chamber is reopened m this situation There i** 
some reason to think that fluid is absorbed by the cut edges 
oJ the colohoma, ior wounds oi the ma do not heal by woo 
tnsation, the lymph spaces of the stroma always remaining 
continuous with the antenor chamber at the cut margins 
In absolute glaucoma pam is best relieved by hot bathing 
and internal odmimstratjon of aspnn If possible consent 
should be obtained to exercise the eye If this is refused the 
pain maj be relieved for a time, %'iTying m different cases, bv 
a retro otulat vniection of 1 S t c of Tio\ocaux (4 per cent ) 
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ioUowed seven minutes later by alcobol (80 per cent ) A 
firm pad and bandage is applied for twenty four hours If the 
pam recurs this treatment can be repeated It is rarelv 
justifiable to trephine or perform any other operation merely 
for the relief of tension m these eyes, smce there is nearly 
always a nsk that the cause of the glaucoma may be on intra 
ocular maUgnant growth, usually sacroma of the choroid 
Chronic GJaucomay sometimes called simple glaucoma, is 
fundamentally the same disease as acute primary glaucoma 
every grade of «5eventv is met with but the more chronic 



bia 170 —Glaucoma fields with 3/2SO And l/‘*000 A Position 
of blind spot (A U. H RinMaTr j 

forms are so insidious that special attention must be directed 
towards their discovery 

The patient nsnally complains of transient attacks of 
obscuration of sight, and of gradually dimmishing aciuty of 
vision , but in some cases there may be no history of haloes 
and the dimmution of vision is contmuous and very insidious 
The eyes may appear perfectly normal at the first examina 
tion, though sometimes the anterior ciliary veins are congested, 
and the pupil is somewhat dilated and sluggish An abnormally 
small cornea should draw attention to the possibility of 
glaucoma, and hypermetropia mcreases the probability The 
tension may be qmte normal, and is found to be eleiated only 
during an attack of cloudy vision Hence it may be necessary 
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to exatnm© the patient frequently and at vonoue times m the 
day, especially during such attacks 
Subjective examination will often reieal no diminution of 
central vision Hence it is of the utmost importance to take a 
careful chart of the field of vision The commonest change is 
partial lass of the nasal field, often accompanied by some general 
contraction (Fig 1G8) The change in the nasal field may be 
regular m outline, or there may be mdentations with the apex 
directed towards the fixation spot Such sectorial defects may 
be above or below In later stages the general contraction is 
more marked, and eventually only a paracentral patch of the 
temporal field persists, centra! vision ^ing abolished Partial 
scotomata aro to be found by special means before nasal con 
striction occurs, or when it is only slightly developed If the 
central area of the field is mapped out on a Bjernun’a screen 
(wic p 1 43), or with a suitable scotorooter, an area of relative 
defect can frequently be traced in direct continuity with the 
blind spot (Bjerrum's sco(oma) The scotoma may pass m an 
arc from the blind spot above or below the fixation point, or 
may form a complete annular scotoma It is due to injury of 
bundles of nerve fibres at or near the edge of tbe disc Tlic 
destruction of these fibres is also said to accoimt for a charac 
tcristio sharply defined horizontal edge to the lost portion of 
the field on the nasal side {Bonne's step) (Figs 168, 170) The 
earliest sign of all is said to be a sickle shaped extension of tbe 
bbnd spot above or below, or both, with the concavity of tbe 
‘uekle directed towords the fixation point {Seidel's sign ) , this 
18 of more doubtful sigmficance Paracentral scotoma may 
persist with a full peripheral field for months or even years, 
but eventually the characteristic constriction of the nasal field 
seta in, and then often progresses rapidly A relative central 
scotoma sometimes follow s rapidly on the development of the 
paracentral scotomata the prognosis is worse in these cases 

Defective light sense is probably always an early feature 
of chronic i^laucoma The light-mimmum is raised and dark 
adaptation is slowed, so that patients take longer to get used 
to tho Jowftr As'gres? of jPmnmalJrw jin jnio a dxm}^ 

lighted room, a disability which becomes mcreasmgly dis 
turbmg m the later stages 

Ophthalmoscopic examination will often show some cupping 
of the disc , frequently it is far advanced, though the symptoms 
have been '»o slight as to have passed almost unnoticed The 
field m nearly all these cases will be found to be much 
damaged 
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Pnmaiy glaucoma mvanably attacl^ both ejes sooner or 
later, usually one is considerably more advanced than the 
other The chronic form sometimes occurs m young people 



Pia 171 — ^The courec of the serve fibres is the retina rliowiu; 
fibree involved bj leeione at A and B 



iiG 172 — Scotomata in field of vision correspoDding to lesions 
AsndB 

and seems to attack men almost as frequently as women It 
also occasionally occurs m myopic eyes 

There is no evidence that chrome glaucoma is due to 
increased blood pressure thou^ so frequently occumng m 
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elderly patients, it w often associated mth it ^Vlthough the 
intraocular pressure responds passively to rapid changes in 
the general mood pressure («dc p 19), slow changes are com 
pensated and a fresh equiUbnum of secretion and excretion 
is established 

Diagnosis Chrome glaucoma has frequently been mistaken 
for cataract or optic atrophy Cases occur m which the gradual 
loss of vision IS attributed to cataract, and the patient is told 
that nothing can be done until the cataract is npo for opera 
tion Vision la thus irretnevaWy lost As a rule diagnosis is 
very easy The haze of the pupil is bluish, diffuse and uniform 
unbke the usual appearance m cataract The pupil may be 
slightly dilated and generally reacts leas to the stimulation of 
light Uxamination with Uie ophthalmoscopic mirror in most 
cases readers the diagnosis certain by showing a uniform red 
reSex and the absence of opacities m the lens 

Doubt as to the presence of glaucoma may arise m cases 
with Bcnilc stniD in the lens In patients predisposed to 
glaucoma the swelling of the lens which occurs in the early 
stages of cataract (inde in/ra) may lead to increase of the mtra 
octunr tension The disc is sot usually cupped in these cases 
but there is generally more failure of vision than is accounted 
for by the lenticular opacity, and the field of vision may show 
contraction on the nasal side , the reaction of the pupil to 
light may be sluggish In such cases it is advisable to do a 
preliminary iridectomy, which should be of tfae glaucoma type 
with a large and penphetal coloboma 

Cupping of the disc m glaucoma is accompamed by atrophy 
of the nerve fibres, and it may be diSicult to distinguish this 
atrophy from optic atrophy duo to other causes especially 
those giving nse to what is known os “ primary ” optic atrophy 
The latter condition shows some depression of the surface of 
the disc which is usually too slight to be actually measured by 
the ophthalmoscope, but is demonstrated by the bending of 
the vessels as they pass over the edge of the disc The depres 
Sion is greater in most cases of chronic glaucoma In cases 
which give nse to difficulty m diagnosis little aid is aflorded 
by the tension of the eye, which may be normal or inappreciably 
raised at the time of cxammation Eeliance must be placed 
upon the history of the case, the condition of the cornea and 
antenor chamber, and the record of the field of vision The latter 
shows concentric constriction m pnmaiy optic atrophy, more 
marked contraction of the nasal side m glaucoma Accurate 
mapping out of the blind spot and the central region of the 
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field on a large scale re\eals changes m glaucoma \yide supra) 
which do not occur m optic atrophy / 

TrecUinenf As soon as the diagnosis is made miotiK 
pilocarpme (i per cent ) or eserine (i to i per cent ) t\nce a 
day, should be instilled The eyes may be kept under observa 
tion for a time unlc's the disease is far advanced If miotics 
fail to control the mtraoeular pressure or if the lo‘!3 of the 
visual field contmues to progress operation must be under 
taken A/to^ics newr cure chronic qlaiicoma Hence they 
must be adopted only as a temporary means of alleviation or 
as nsetul ad/oacts They cause some canianctival and cdiscy 
congestion if used constantly Pilocarpme is the le«s irritating 
but perhaps less efficient If these fail “ doryl, ’ a choline 
derivative, may be used in 0 75 per cent solution Gentle 
massage with the finger tips is certainly useful promoting 
lymph flow , and temporarily reducing tension 
Until a few years ago iridectomy was the operation invariably 
performed for the rebef of chronic glaucoma The prognosis of 
iridectomy howeveft is not nearly so good as m the acute form 
owmg to the fact that the periphery of the ins isoftenfirmlr 
adherent to the corueo sclera before the condition is diagnosed 
Hence a special endeavour was made to opeu up the occluded 
angle If the section is made at the apparent corneo*5cleral 
margin when the ms is torn away it is almost certam to tear 
at the false angle and little or no good results It was cus* 
tomarj , therefore to make the section as peripheral as is con 
sistent with safety to the cihaiy body, * e 2 mm behind the 
comeo scleral margin, with the object of carrying the mci'ion 
through the adherent parts of the ins It must be confessed 
that tbw object was seldom if ever attained 

It was found however, that this method of performing 
mdectomy sometimes succeeded m spite of the impossibility of 
restoring the normal method of filtration It effected this by 
establishing a filtering scar The new scar in these cases is 
composed of spongy tissue, through the mterstices of which the 
intraocular fluid is able to make its way mto the subconjunc 
tival tissue, where it is absorbed 
Debberate attempts have therefore been made to establish 
a safe fiftenng scar for the refief of chrome glaucoma Such a 
Bear IS usually formed only if there is some impediment to 
proper cicatnsation os for example when the ms is meat 
cerated m the wound (tndencleisis) There is some danger m 
leaving a knuckle of insmthevround when doing an mdectomy, 
smee such a procedure mvolves grave risks of mdocyclitis 
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8«con(3ar)' infection of the eye, and sympathetic ophtljalmia 
Good results, ho^^e^er, have been obtained by Holth’s 
method 

In an ordinary comeo scleral section the bps of the wound 
are m good apposition and sound healing rapidly tabes place 
This 15 much less likely to occur if there is a gap between tbe 
bps of the wound Under these conditions the gap becomes 
filled with loose scar tissue and a filtering cicatnx may result 
Various operations have been based upon this principle In 
Laqraruje's operation an ordinary iridectomy is performed, but 
before closing the wound a small piece of tbe anterior bp is 
snipped off vnthout wounding the conjunctival flap In 
UerherCs operation a small rectangular trap door is cut in the 
sclerotic just outside the limbus, tbe hinge being tonards the 
cornea A circular wound m tbe sclerotic offers the best 
(bance of success theoretically 

2 rephmng is the operation which is now generally performed 
for chronic glaucoma (tide p 478) By it a disc 1 5 mm in 
diameter is removed from the wall of the globe just inside the 
bmbus, so that part lies m the cornea and part m the sclerotic. 
The hnucUe of ins which prolapses into the wound should be 
excised, so that a small penpberal indectomy is peiformed 
If a larger disc is removed there is danger of the tension 
becoming permanently too low, with tbe risk of malnutrition 
of the eye The operation sometimes fads from blockage of the 
wound with iris or too dense scar tissue Filtration mav be 
encouraged by gentle massage of the eyeball through tbe upper 
hd SecondaiT infection of the eye is liable to occur from injury 
of the epithelium covering tbe bulging conjunctiva but it 18 
rare and is a risk which may be taken justifiably in treating so 
grave a disease as glaucoma If trephimng fails it can be 
repeated at some other part of tbe bmbus, but the wound 
should always, if possible, be placed where it is covered and 
supported by tbe lid, though it should not be too close to the 
previous site 

Trephining is uncertain in ita results and is liable to be com 
plicated with senous dangers, both immediate and remote, 
j et in my opinion it affords the best means on the whole yet 
d vised for dcaUng with chrome glaucoma It seldom causes 
any improvement m vision or in the field of vision, but it 
usually prevents further loss 

In very advanced cases the field of vision may bo found 
reduced almost to tbo fixation point Experience teaches that 
in these cases operation may not only do no good, but may 
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result m the sudden complete lo<«s of all vision After explain 
mg this risk to the patient it is still advisable m most cases to 
perform the operation because this unfortunate result is rare 
and m any case the eye will become bhnd and probably painful 
unless the tension la relieved 

Smce glaucoma always occurs m the other eye sooner or 
later the question of a prophylactic operation m this eye arises 
Smce it IS attended by some danger, both imm ediate and 
remote, and smce the advent of 


© glaucoma may be long delayed it is 
inadmissible to operate until some 
slight contraction of the nasal field 
can be demonstrated The greatest 
care must be taken to warn the 
patient of the danger of the di«ease 
attackong the other eye and of the 
earbest symptoms He should be 
examined thoroughly and the field of 
vision taken every t^ee months, and 
be should be instructed to consult 
the surgeon at once if any signs of 
the disease occur Weak pilocarpine 
, „ , or eserme drops may be used e\cry 

(buphthaiaua) >oto the and the general regime should be 
attetchuig of the eoraeo ordered SO as to avoid cerebral con 
H. should also be warned 
bsckwardi of th® i®d3 the against putting drops lotions or 
eupp ng of the disc «ad ointment of any kind mto his eyes 
the ^fob”^ enlargement of ^^^thout the advice of an ophthalmic 

When one eye has been almost or quite lost at the time of 
the first visit it becomes a senous question whether the better 
eye should not be operated upon rather than the worse Sfanj 
such difficulties arise m the treatment of glancoma, and 
can only be decided by the conditions of the individinl 


case 

Ghsouic glaucoma, may arise lu. aa eye with, incipient 
cataract Although trephming introduces a serious com 
plication to subsequent extraction of the lens {vide p 315) it 
should be perform^ in the usual way and m the usual situation 
When the extraction is done later the npper part of the section 
should be m the cornea slightly anterior to the trephine 
hole 
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Ci/clodiali/sxs may be used to zedaco the intraocular pressure 
m chronic glaucoma It has been most Buccessful in aphatio 
eyes , it should not bo used in congestive cases By it a channel 
IS opened up between the anterior chamber and the supra 
choroidal space An incision about 3 mm long is made m the 
solera 4 mm behind and concentric with the comeo-scleral juuc 
tion in the lower temporal quadrant A spatula specially curved 
to fit the inner aspect ol the sclera is inserted and passed forwards 
between the scleral spur and the cibary body into the filtration 
angle Here it is swept transversely through a small arc, breaking 
down the ligamentnm pectinatum and adhesions between the toot 
of the ins and the cornea A conjnnctival flap is sutured over the 
wound 

Infantile Glaucoma (6y«« — Buphthahma, Ilydrophthalrma) 
Ulaucoma m rare cases attacks children when it assumes a 
quite different climcal appearance It arises from congemtal 
blockage of the angle of the anterior chamber, due either to a 
congenital defect whereby the root of the ms does not become 
normally separated from the comeo sclera or becomes adherent 
to it througQ mtta uterme or infantile inflammation In many 
cases examined microscopically Schlemm’s canal has been 
found dcleetive or absent fundamental condition is 

therefore the same as m glaucoma in adults viz , defective 
filtration of lymph from the eye The reason why it assumes so 
different a climcal picture is dependent upon the greater plas 
ticity and extensibility of the walls of the young eye Instead 
of offermg an insuperable resistance to increased internal 
pressure the sclerotic gives way mote or less uniformly, so that 
the globe becomes very large 

The thmned sclerotic of the ciliaiy region is bluish m colour, 
owmg to the uveal pigment showing through The junction 
of the cornea and sclerotic also stretches, so that the cornea is 
forced forwards and assumes a globular shape (keratoglobus) 
The anterior chamber is therefore extremely deep (Pig 173) 
There are often slight opacities in the cornea some appearing 
as lines with double contour , these are due to ruptures m 
Descemet’s membrane The lens does not participate m the 
general enfatgement , owing fo <&c expansion tie cifia^ 
region the snspensorj ligament is stretched so that the lens is 
flattened and oisplaced sughtly bactwards This removes some 
support to the ms, which becomes tremulous (indodonesis) 
The optic disc is deeply cupped if the condition has lasted long 

The mtraocular tension is raised, but often scarcely appre- 
ciably as determined by chnical methods, owmg to the expan 
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Sion of thfj globe. Tins fact long prevented tbe true patholo^ 
of tbe disease from being recognised. 

As a result of tbe espa^ion the eyes are usually myopic, 
though much less than might be anticipated from their len^h. 
This IS due to the flattenmg of the lens and its displacement 
backwards, as well as to some flattening of tbe cornea, all of 
which factors tend to coonteract the axial myopia. There is 
usually astigmatism against the rule, owing to pressure b) 
the lids on the plastic globe. 

Both eyes are generally affected, and buphthalmia occurs 
m boys more often than m girls. Eqmhbrium may be estab- 
lished with no further loss of vision, but in other cases rapid 
deterioration occurs after puberty, perhaps due to increased 
rigidity of the walls. 

Buphthalmia occurs frequently associated with neuroBhro- 
matosis {vide p 615), and also with capillary nsvus of the 
face and angiomatous conditions* of the choroid and brain 
{vide p 373). 

Buphthalima is to be distinguished from keratoglohus (7 r ) 

Treatment is unsatisfactory. The best results have been 
obtamed from antenor sclerectomy with the trephine. Miotic® 
are useless. 



OHAPTER XV 
The Lens 

Toe lens la composed entirely of epithelium, which is aui 
rounded by a cuticular envelope or capsule (t>iie p 9) 

It IS therefore subject onl} to metabolic changes, and is 
incapable of becoming infiamM Degenerative changes m the 
lens invariably result in loss of transparency in the parts 
aflected This condition of partial or complete opacification 
IS called cataract 

The most important chemical constituents of the lens are the 
salts and proteins Spectroscopic examination reveals many 
metals, o! which the most important are sodium, potassium and 
calcium The potassium content diminishes with age, but the 
calcium IS relatn ely constant (Adams), except that it is definitely 
exccssii e is cataractous lenses The proteins consist of ouglobulm, 
and a , /? , and y-cryataUms 8 crystalhn ts soluble m water and 
de creases with age a factor ni t he acWosis of thannele^na The 
eirstauias are nen m tyrosine, Spyatine, and leucine, ammo acids 
which tend to form melamns exposure to ultra violet light, 
thus accounting for the normal and pathological (vide p 3^5) 
pigmentation of the lens Owing to the absence of a blood supply 
tbelensis dependent for its metabolism on an autoxidation system 
This 18 a reversible oxidatiou reduction reaction earned out by 
glutathione (Adams), a cystine like substance containing an SH 
group, which on oxidation changes into an SS group The less 
also contains a relatively large amount of vitamin C, which also 
probably acta with glutathione as a reducing agent, the reversible 
reaction being 

Sugar + oudized glutathione •• — f aaeoTbio acid + reduced glutathione 

C,n„Oa + G SS G C,H,0, + 20 SH 
Thermostable substances {8 ciystaliin} m the lens efiect reduction 
ktlnc jnrwhwt vtSV j?Ihr onivtn^ ..mtaiwitfuir i(iW kOnr 

taina no glutathione or vitamin C 
The earliest stage m the development of cataract is an 
accumiilatioa of fluid either os droplets beneath the capsule 
or in spindle-shaped spaces between the lens fibres Clmu ally 
this stage can be recognised by inequaht es in the refractive 
indices of the fibres and fluid which give rise to bght and dark 
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streaks when light is thrown into the eye by the mirror The 
spots and streaks differ from the definite opacities which follow 
by the fact that if the mirror is tilted shghtly the dark streaks 
become bgbt and vice tersa In the next stage coagulation of 
the proteins occurs, formmg globular masses called Morgagnian 
globules At a later stage the fibres break down mto rounded 
masses which are mdistmgmahable from Morgagnian globules 
These masses are defimtely opaque 
Biochemically the essential factor in cataract is the congulation 
of the proteins, and many important factors m this process have 
been discovered m recent years In general, coagulatiou of 
proteins occurs m two stages (a) denaturation, probably br 
hydrolysis, whereby the colloidal system becomes more labile , 
(fc) agglutmatiou Any form of radiant energy — ^heat, luminous 
ultra violet, radium — can cause coagulatiom Ultra violet rays 
alter the permeabihty of tbe lens capsule (Duke Elder), diminish 
the efficiency of the autondation system (Adams), and render the 
protema more vnlnerable to vanation in hydrogen ion coneen 
tration and salt concentration, e g , calcium (Burge) Changes u 
the capsule cause alteration in osmotic pressure and hence la 
concentration of electrolytes Deformation of tbe fibres leads to 
mechanical strains Further, tbe lens proteins are orgnn specific 
espeaally a aud )3-cry8tallins, but mvestigations of their sere* 
logical properties nave proved contradictory The relative parts 
played hy these factors m the development of various types of 
cataract are obscure, and have not yet led to any satisfactory 
prophylactic or therapeutic results 
Apart from the ezpenmental production of cataract in anima l s 
by various forms of radiant energy it is easily produced m rabbits 
by administration of naphtbalm and other allied poisons 
dimtiopbenol, for example, used for slimmi ng, has rapidlv 
produced po<stenor cortical cataract in girls Dmitrophenol 
causes a large increase in tissue oxidation Naphthalene m 
rabbits IS conjugated with cystine and is excreted asl-a naphthyl 
mercaptuxic acid (Bourne and Young) , hence the cataract may 
be due to depletion of the store of cystme in the lens The 
occurrence of cataract in tetany due to parathyroid deficiency 
(vide p 327) when correlated with the excels of calcium lu 
cataractous lenses suggests a definite association with the r6!e 
of calcium in metabol™ Cbtaract afso occurs in tfie fiamau 
subject associated with myotonia atrophica and ergotimi 

Owing to our ignorance of the pathogenesis of cataract 
treatment apart ffom steps for minimising the disabihty, ifi 
wholly operative The type of operation depends largely upon 
the amount of central Xerosis, i e , upon the size of the 
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micletis(tttfcn 0) Up toabouttlurtjyearsofage the nuclear 
fibres are stilf fairly soft, and capable of becoming absorbed if 
the aqueous gams access to them After this age absorption is 
ver} slow and incomplete, and if cataract occurs the nucleus 
must be removed from the eye The size of the nucleus then 
determines the size of the incision which is necessary The 
cases in which the nucleus is very small are called soft cataracls, 
since thtj consist chiefly of soft cortical matter In most 
patients over fifty the nucleus is large, and these cataracts are 
tailed hard cataracts, although the lens is by no means hard 
tliroughout This only occurs m black cataract, m which the 
nucleus reaches its maJOinum size, viz , that of the whole lens 
Such cataracts require a very large section (or their removal 
In mature cataracts the brownish appearance of the nucleus 
by obbque illumination gives some idea of its size and an 
indication of the size of the section necessary for its remoial 

Cataracts are classified accordmg to the position and extent 
o! the opacity or opacities m the lens nnd it is found that the 
situation and distnbution correspond with various combina 
tions of clinical conditions — age, genera) disease, kc In some 
cataracts the opacities spread and fuse until ibe whole lens 
becomes opaque, such are called progressive cataracts in 
others they remain stationary Senile cataract uhirh is the 
commonest form of all, is a progressive cataract 

Senile Cataract This as its name implies rarely occurs in 
peKona under fifty years of age 

In tnetpterU senile cataract radial spokes or sectors of 
opacity are seen with clear areas between them (Figs 174,176) 
TVy are difficult to see in doylight or by oblique illumination 

i 2 1 



Flu 17-1 — bcQ le caUract I wcUoa allowing opacitiea m the cortex 
S appearance by reflected light— dark atri» on a red backmund 
3 appearance by obliqnn lUmn nation — prey strl» on a dant back 
groun I (NittJeship ) 

(tnde p <J5) and cataract should not be diagnosed uatbout 
confirmation with the ophthalmoscope With the imdilated 
pupil only the ends of the spokes are seen but when the 
pupil ifl dilated with cocaine or homatropme (net'er aith atro 
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pme, vide p 28-1), the Imear opacities are often found to be 
the apices of sectors, with their bases towards th“ periphery 
They generally begin in the lower part of the lens, especially 
the lower nasal quadrant Careful examination with obhque 
illumination and the ophthalmoscope will show that the 
opacities are in the superficial parts or cortex of the lens, some 
m front of the nucleus, others behind They start from the 
region of the equator and extend towards the axis of the eve, 
more and more spokes and sectors developmg as time goes on 
Seen by oblique illumination the opacities are grey (ude 
p 95) , seen with the ophthalmoscopic mirror at reading 
distance they appear black agamst a red background At 
the very earliest stage the opacities *»hi{t with the incidence 
of the bght, showing that they are 
merely differences of refractive index 
{tide p 303) Lens stris are usually 
preceded br sectonal alterations m the 
refractive mdi es of the lens fibres 
These are best seen with the plane 
mirror, looking alternately light or dark 
as the mcidence of the hght is changed 
They account for the uniocular polyopia 
which the patients often notice 
The pupd m old people is seldom so 
black as in tbe young and is sometimes 
distmctly grey If the greyness is uni 
form, cataract should not be diagnosed 
unless defimte opacity is shown on ex 
animation with the ophthalmoscope This greyness without 
opacity is caused by increase in the refractive index of the 
cortex of the lens in old people (tide p 53) and is due to 
mcrease of reflection and scattering of hght 
The above descnption applies to the commonest arrange- 
ment of the opacities m senile cataract , it may be dis 
tmguished as the eubcapsular type Two other types occur 
less frequently In one group the opacities are supranuclear 
They are more variable m appearance and consist of con 
centnc Imes radial streaks and cloudy patches This iiiegn 
larity distinguishes them from lamellar cataract (g i ) In 
the thud group the opacities are inlranudear, by which term 
these cases may be distmguished from the congemtal nuclear 
cataract In this group the nucleus of the lens is diffuseli 
cloudy, gradually clearing towards the penpheral cortex 
Combinations of the vanous types are not uncommon sub 



Fio 176 — Commencing 

senile catenet tbe 
etna confined to tbe 
lower part of tbe leoa 
a Tery common mode 
of commencement 
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capsular sectors being associated with intranuclear cloudmesi 
or the latter with supranuclear opacities Moreover dots of 
opacity occur They are larger and denser than the dots 
of congenital punctate cataract, and ore unlike that form in 
being slowly progressne Punctate senile cataract may 
appear as early as twenty to thirty years of age The intra 
nuclear form is also earlier than the ordinary subcapsular, 
occunmg at about forty years of age 


A 


B 

Fia 17C — Ap eliadow o( ins by obliquo ilIuminAtion in iiainature 
entnr&ct , B absence o( sbadoir in meture cataract 

lu the progressue stage of senile cataract the lens contains 
mote -water than normal, and this is associated with swellmg 
of the fibres MTicn tbe opacity has become considerable the 
swelling causes an appreciable tniumescence of the whole lens 
shown by the increasing shallowness of the antenor chamber 
This may be the cause of increased intraocular pressure m 
eyes predisposed to glaucoma (wde p 284) 

The nucleus m the common subcapsular type undergoes 
little change and does not become opaque, but eventually the 
whole of the cortex is cataractoos The cataract is then said 
to bo ripe or mature The whole of the pupillary area mai 
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appear to be opaque before the cataract is mature, since the 
most su^rficial layers of the corter ate the last to degenerate 
As long ns there is any clear lens substance between the 
pupillary margm of the ms and the opacity the ms throws 
a shadow upon the grey opacity when light is cast upon the 
eye from one side (Pig 176, A) \VTien the cortex is com 
pletely opaque the pupillary margin hes almost m contact 
with the opacity, separated only by the capsule , the ms then 
throws no shadow, and the cataract is known to be mature 


(Fig 176, B) This is an important guide 
to the most favourable time for opera 
X tiQii by the extracapsular method 

At this stage it will be found that the 
/ /'Wk anterior chamberhas regamed its normal 

I ( ^ m\ depth The watery fluid has been ab- 

I I sorbed from the lens, which has agam 

I l/illll/liK returned to its normal volume 

I \ ' iliMil process is allowed to go on un 

\\ n A stage of hifpmnalurU^ 

\\ A ggtg cortex is then completely 

disintegrated and transformed into s 
pultaceous mass Usually the Io#s of 
1 ^. r> water contmues so that the lens becomes 

°i »■“> «“»« mspissattd and stainlm 
V nucleas o£len» The lens IS then flat and yellow, often 
with cretaceous deposits and bright 
specks due to crystals of cholesterm The antenor capsule 
becomes thickened by proliferation of the antenor cubical 
cells, BO that a dense white capsular cataract is formed at the 
antenor pole m the papillary area Owmg to shrinkage the 
lens and ms become tremulous, the antenor chamber being 
much deepened Degeneration of the suspensory ligament 
may lead to luxation of the lens 
Sometimes the absorption of water ceases at the stage of 
maturity The cortex then becomes qmte fluid, and the nucleus 
sinks to the bottom of the thickened capsule The bquefied 
cortex 13 milky, the nucleus appearmg as a brown shading 
hmited above by a semicircular Ime The nucleus alters ita 
position with changes in position of the head. Such a cataract 
IS called a Morgagnian cataract (Fig 177) 

In rare cases the sclerosis of the lens fibres which causes the 


development of the nucleus extends beyond the usual limits, 
so that the whole of the lens becomes converted mto nucleu" 
Such a lens is hard, dark brown and semi transparent The 
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puj)il lookb black, the brov^msb colour being revealed only b\ 
oblique illumination The condition is called black cafaracl 
though strictly speaking it is not a true cataract Central 
intranuclear Benue cataraete often show a brownish colour br 
obbquo illumination, due to coincident hyper sclerosis (vj</e 
p 3u5) They occur more frequently m myopic eyes 

Symptoms Tho appearance of block spots m front of the 
eyes is usually the first symptom complamed of They differ 
from the ordmary muacse volitantes occasionally complamed 
of m normal eyes, and much exaggerated m cyclitis, 4.c , m 
that they are stationary, retaining their relative position m 
the field of vision in different positions of the eye Uniocular 
polyopia another symptom, is the doublmg, trebling, i.c , of 
the objects seen with the eye It is due to the irregular refrac 
tion of the degenerating lens, so that several images are formed 
of each object It is often worse on lookmg at bright lights, 
and 13 therefore noticed most in the evenmg 

As the opacity extends and becomes denser, the acuity of 
central vision suffers, espeemUy when there is much central 
opacit) In the latter cases visioii is often better in a dull 
light, owing to the dilatation of the pupil In most cases of 
senile cataract tho punillary region suffers latest, so that a 
bright light IS grateful to the patient, both on account of 
the better illumination and also because the rays which 
pass through the irregularly refracting peripheral parts of 
the lens are cut off by the contracted pupil but the patients 
seldom like to face the light 

Eventually the central area becomes affected and vision 
steadily diminishes until only perception of light remains In 
many cases of mature semie cataract fingers can still be 
counted at a few feet, or at least hand movements discerned 
In all cases light should be perceived readily and the direction 
of incidence accurately mdicated The detection of the 
projection of light is of tho utmost importance, as it affords 
important evidence as to the probabihties of a good result 
from operation It is tested as follows The opposite eye 
IS covered securely by the palm of the patient’s hand Light 
rs -tiiea nnfbctecC Aom tie opdtAaiVmwcuprc mterur rmlu 
cataractous eye from various directions, the patient lookmg 
straight forwards Ho is told to point with his other hand m 
the direction from which the light acems to come He ought to 
do this readily and accurately If he does not, we suspect 
some disease of the retina, e g , patches of retmo-cLoioidal 
atropbj , &c , and a leas favourable prognosis is given Bela* 
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tively poor projection is not an absolute contramdicatau 
to operation, and each case must be determined on its 
merits 

It be seen that cases of advanced cataract m ^hich the 
fundus cannot be satisfactorily explored by the ophthalmoscope 
at the first visit, and in which projection is relatively had, offer 
considerable difficulties in deciding the treatment to be 
adopted It is therefore of the greatest importance that e\eiy 
case of mcipieut cataract should be most carefully colored 
and exhaustive notes of the ophthalmoscopic condition taken 
so that at a later stage, when the fundus can no longer be 
observed, its previous condition is already on record Every 
case of incipient cataract should therefore have the pupil 
dilated so that a thorough exammatjon of the eye may be 
recorded Homatropine may be used with impunity in mo't 
cases, but a drop of 1 per cent eserme must jn\ariablj be 
instilled before the patient leaves, othenn«e there is danger 
that an attack of glaucoma may be mduced by the admimstra 
tiOQ of the mydnatic If the eye is definitely of glancoznatouj 
type, with small cornea, shallow anterior chamber, &c , cocaine 
should be used instead of homatropine The field of vision 
should also be taken at this stage 

The rate of development of semle cataract vanes greitl}, 
sometimes occupying many years, or, indeed, the catiract may 
never reach matunty The progress is usually more rapid in 
\ery old people Very rapid maturation m younger patient” 
usually mdicates some comphcation, e g , cyclitis, diabetes ic 
The forms with fine radial hnes are slower than those mth 
cloudy opacities It is best to examine every case at stated 
mtervals a careful drawing of the opacities hemg recorded at 
each visit The length of the mtervals must be determmed 
by the mdividual case 

Cataract occurs equally m men and women It is usually 
bilateral, but develops earlier m one eye than the other Cases 
of hereditary predisposition ha\e been recorded, and m some 
of these the cataract develops at an earlier age in successive 
generations (“ anticipation,” Nettleship) 

FataoCogy 'Ifie cufiicaf ceilk lining the ant'enot cap>tnV oi 
the lens (tide p 9} undergo vacuolation m senile cataract 
Changes m these cells can be made out clmicaUy by using a 
strong bmocular loupe The cortical opacities are due to the 
formation of Morgagman globules and the breaking up of the 
len fibres (inde p 304) Cholestenn crystals are not infre 
quently seen m cataracts 
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Biochemistiy of Cataract The normal lens contams mote 
potassium than sodium, the reverse of the aqueous It contains 
more potassium and phosphorus less sodium and chloride and 
the same amount of calcium as acmm In cataract the calcium 
may he eight times the amount of the normal (Adams) and the 
potassium almost disappears The total protein and J3 crystallm 
are diminished a-crjstallin is most easily precipitated and is 
peculiarly sensitive to precipitation hy calcium (Tsuji) , its 
coagulation is ptohahly the chief cause of the opacity in cataract 
Glutathione and vitamin 0 dimmish and finally disappear In 
senile cataract there is no significant change m blood sugar as 
compared with the increase m diabetic cataract nor in the calcium 
content, as compared with the diminution in tetany and para 
thyroid cataract 

Senile cataract has been attributed to changes in the corteT 
produced hy ahrinhage of the nucleus but this can be, at most 
onlj & subsidiary lactor Man) other theories hnte been 
fldnnccd but m the present knowledge of the biocbenjisti) 
of the lens they must all be regarded as bjghl) speculative 
The definite association of cataract with calcium metabolism 
m tetany and the raised calciuio content of the cataractous 
lens are strikingly significant facts In spite of hitherto 
discordant results the rdle of autocytotoxias whetlier of the 
nature of specific immune bodies or to 2 in 8 denied from 
disorder of the general tissue metabolism demands further 
consideration , 

Treatment No treatment by drugs Ac has hitherto 
proved to have an)* significant effect upon the progress of 
uncomplicated senile cataract Potassium iodide drops 
calcium iodide omtment, hormone treatment especially intb 
parathyroid gland in association with administration of calcium 
salts and so on ha^e been enthusiastically advocated but 
are m my expenence useless 

Elderly patients frequently ba\e sbght peripheral opacities 
of the same nature as cataract Much mental anxiety is often 
caused by telhng them that the) bave cataract ’ If cross 
examined the surgeon should tell them that the) hai e slight 
changes of the same nature as cataract but that these are 
quite common in elderly patienta and do not necessarily 
indicate that an operation will be inevitable in the future 

In incipient cataract the condition of the patient may be 
much ameliorated during the tedious process of maturation 
A low degree of myopia (1 D to 4 D) may develop during this 
stage , it is due to relative increase m the index of refraction 



312 DISEASES OF THE ElE 

of the nucleus of the lens a change in the opposite direction to 
that which usuallj' occnis (nde p 53) Astigmati«m mav 
develop or undergo change These errors of refraction should 
be corrected , but often the astigmatism is irregular and 
glasses afford little help Considerable loss of vision may be 
associated witb the refractive changes which precede the 
defimte formation of opacities Tmted glasses may be found 
beneficial, the tmt varying with the circumstances of the case 
\mbeT tinted glasses ate most generally useful In certain 
circumstances, e ^ , at high altitudes they cause an extra 
ordmary increase of definition even in normal persons, due 
to absorption of rays of short wave-length Blue glasses, 
which allow the chemically active violet rays to pass, are not 
contramdicated m this case, since the cuttmg off of the more 
luminous rays is restful These or smoked glasses are indi 
cated, especially when there is a considerable degree of central 
opacity, since the pupils are kept sbghtly dilated For the 
same reason reading may be much facilitated by isolating cudy 
a few lines of the prmt, the remamder being covered by a blach 
paper mask The effect may be obtained with greater cer 
tamty by mstiUmg a very weak mydnatic Atropme, iV to 
i gr to 5 1 , one drop every morning, may be orderw, if 
homatropme is found not to raise the tension The slightest 
predisposition to glaucoma ey, lugh hypermetropia, stonll 
cornea, very shallow anterior chamber, Ac > contraindicates this 
treatment and it is wise to observe the tension catefullj dump 
the treatment in all cases Sometimes weak atropine cause’ 
more blurrmg, m which case it must be abandoned Central 
opacities often cause dimmution of central vision appsrentlv 
out of proportion to the amount of opacity observed 

There is no reason to restnet the use of the eyes m incipient 
uncompbeated senile cataract, but the patient may be much 
assisted by instructions as to the arrangement of illumioatioD 
and so on If the pupillary area is free brilliant illiimuiatioii 
will be found beat , if the opacities are largely central, a dull 
light placed beside and slightly behmd the patient’s head will 
gi\ e the best result 

In mature cataract the lens must be extracted Before 
decidmg to operate, attention must be paid to details other 
than those connected with vision, previously described The 
pupil should react promptly and normally to light Careful 
search must be made for precipitates on the back of the coma 
(“kp”) for the cataract may be a mature compbeated 
cataract (tide p 323) The nnne must be tested to eb mm ate 
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albuminuria anil glycosuria, though tbeoe do not iivce->sarily 
contraindicate operation The state of the conjunctu al sac 
must be thoroughly exanuned, and a culture taken The 
lacrymal sac is compressed with the finger, so that if there is 
any regurgitation the secretion £tom it will be examined. A 
small cotton-wool swab is rotated in the lower fomxx and the 
secretion thus obtamed rubbed over a blood-agar slope. Non- 
hiemolrtic staphylococcus albus and xerosis may be con- 
sidered innocuous, micrococcus catarrhahs and pneumobacillus 
doubtful. Staphylococcus aureus, pneumococcus, strepto- 
coccus, and such like pyogenic organisms contraindicate 
operation, which in any case should not be undertaken before 
forty-eight hours have elapsed lest the very dangerous pneumo- 
coccus be overlooked 

If there is the slightest conjunctivitis, and, abov e all, if there 
IS dacryocystitis, a course of prelumnary treatment is necessary. 
Old people frequently suffer from chronic conjunctivitis 
induced by senile ectropion, &c. It is best treated by relieving 
the cause aa far as possible, and by the use of astringent lotions 
An occasional paintmg with silver lutrate is the roost potent 
meana which we possess of removing infective organisms from 
the conjunctival sac m these cases, since they are earned awav 
mechanically with the desquamate epithelium, &c. Often the 
process is long and tedions, and doubt as to the safety of 
operating still persists In such cases a further bacteriolo^cal 
examination should be made, and if pathogenic organisms arc 
found, especially vunilent pneumococci, operation must still be 
postponed. In cases of doubt the eye may be tied up with a 
pad and bandage for one night The pad is exammed the 
following morning, and if there is any discharge upon it, or if 
the lids arc gummed together with inspissated secretion, further 
treatment and repeated bactenological cxaminaticms arc 
indicated. Irradiation with ultra-violefc light and sulphoni 
nudes administered bythe moathfwdep. 693) have been found 
efficacious m recalcitrant cases. It is inadvisable to tie up the 
eye the night previous to operation, for it is found that this 
procedurefavoursthegrowtbofbacteriamthe conjunctival lac 

The presence of a mucocele is an absolute contraindication 
to operation. It must be cured (CJhap XXXII ), or the 
lacrymal sac must be excised, or the canalicuh must be 
temporarily obliterated. The last may be effected by tying a 
ligature round each canabculus or by cauterising each punctum 
with the actual cautery. The beat treatment is usually 
excUion of the sic 
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The teeth, aose and throat, and any other likely focus of 
sepsis, should be examined, and it is very important that any 
pyorrhoea, &c , should be elimmated before the cataract 
operation is undertaken 

The treatment of iimlateral and of unmature cataract o5ers 
some difficulty (cf p 322) ^NTien the cataract is mature in 
one eye while the other retains good vision little advantages 
gamed by operating upon the cataract The difference m 
refraction between the two eyes after operation will be so great 
that it will be impossible for the patient to «ee well if the 
refraction is corrected, and if uncorrected the large blurred 
image formed by the eye may be a positive disadvantage 
though it can be reheved by a contact glass The sole 
advantage which is gamed is an mcrease of the field of vision 
on the affected side This may be a matter of great importance, 
as m people who work amid machinery or have to go about 
where there vs much traffic m the^ exceptional cases 
extraction is indicated There is also the shght advantage 
that the eye is prepared for the time when vision fails in the 
less affected eye, but this may be long delayed These slight 
advantages do not as a rule justify operation, which, it must 
be remembered, is attended with some, il usually tnnal 
danger, not only to the eye operated upon, but also to the other 
eye {vide p 459) On the other hand, the cataract must not 
be allowed to progress to too ad\anced a condition of hyper 
matimty Operation is then more difficult and more dangerous 
The case should be watched, and if signs of thickening of the 
capsule, calcareous deposits, A-c , appear, extraction should be 
performed even though the vision m the other eye is still good 

Cases of immature cataract with loss of usefid vision require 
even more skill m the determination of the best tune for 
operation The difficulties and dangers of extraction are 
undoubtedly mcreased by operating while there is still a large 
amount of clear soft cortex It is difficult to remo^ e ftom the 
eye, tends to the production of mtis and other comphcations 
and leads to the formation of dense secondary cataract 
p 322) Immatunty, however, is not an absolute bar to 
operation , extraction under these circumstances may be 
followed by excellent results, especially if performed by the 
mtracapsuiai method It must be remembered ’hat the 
patients are old, and, if not operated upon are doomed to pr3(> 
tical blmdness, which in the lower classes entails the lo^s of 
wage earmng capacity Operation will probably be attendee 
by at least the recovery of useful vision, whereby the con 
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tlitioDs of existence are much amehornted It is not nccessaiy, 
therefore, to wait mdefirutcly for complete maturity if useful 
vision has already been lost 

Some surgeons temporise m these cases, performmg a pre 
hminary iridectomy, on the grounds that the operation 
accelerates the ripening of the cataract It certainly occurs in 
rare cases, but is by no meins constant Preliminary indec 
tomy has the advantage of facilitating the subsequent estrac 
tion, but has the considerable disadvantage of subjecting the 
patient to the discomforts and dangers of two operations 
instead of one It may be employed in complicated cases m 
which it 13 desired to test the reaction of the eye to operative 
interference for it is a less severe operation than extraction, 
and will afford indications as to the advisability of further 

S rocedurcs It is also to be advocated m cases with much 
iffuse opacity, often more concentrated m the central part of 
thapQstenoccortex,{Qtmtliemtliedimmution,in-VTSualacuityi8 

• ? } 

^IQ 178 — t/itneltAr c-MarncI 1 ' 3 asmFis 17-I (VettlMtup | 

V ery marked, maturatiou is mdefimtely delayed and thecompli 
cations produced by a large amount of sticky cortex are much 
to be feared Tlie extraction of the cataract should not be per 
formed untilat least four weel s after the preliminary iridectomy 

Prehminarj iridectomy is indicated most definitely m cases of 
cataract with increased intraocular tension The tension njaj he 
raised owing to the swelling of the lens in the incipient stage, in 
which case iridectomy usually relieves the pressure Nearly 
mature cataract may be a'^sociated with increased ten'^ion It 
might he thought that an ordinarj combined extraction would 
relieve both conditions, but these eases do not usually progress 
smoothly It is ranch better to do a preliminary iridectomy, 
extraction following after the nsual interval 
In some cases eyes with innpient cataract have been trephined 
for chronic glaucoma {tnd^ p 300) or cataract has dev eloped aubse 
quent to trephining Theoretically it is obviously objectionable 
to make a cataract incision through the trephine bole though such 
cases often do well— possibly because extraction may tender an eye 
less prone to the usuil form of chronic glaucoma Itbasbeen sag 
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gested to extract downwards bnt it is probably wiser to make the 
upper part of the incision in the cornea in front of the trephine hole. 
The correction of the refraction after extraction of cataract 
IS dealt with elsewhere (see Aphakia, p 630) 

Cataracts of Congenital or Infantile Origin These are 
almost always partial and stationary The commonest forms 
are lamellar and anterior capsular , less common are the 
various forms of congenital cataract, mostly of lamellar type, 
sometimes central or total 


Lamellar Cataract {Syns — Zonular, Perinuclear Calarad) 
This iisnally occurs so early in infancy that it is doubtful if 
it IS not congemtal A1 
j though there is no true 

^ nucleus at this early age 

the central parts of the len« 
are convemently termed the 
- nucleus The opacity in 

lamellar cataract is <ituateil 
m the layers suiroimdine 
■* this central core which 

- itself usually contamspunc 

fate opacities , the super 
I ficial cortex is quite clear 

llO 179— Lamellar c*Ui»ct 178—180) '^^'h« 

the pupil IS dilated a gwy 
discoid opacity is seen, surrounded by a perfectly transparent 
margmal area The diameter of the disc vanes that of the 
clear penpheral area varying m 
versely With the mirror the disc 
appears black and sharply defined at 
the outer edge, dimimshing m density 
towards the centre , the penpheral 
area shows a normal red reflex Along / 
the outer edge spokes of opacity, re I 
sembling the handles of a steenng \ 
wheel, often extend sbghtly into the 
cleat area (Fig 179) ^ey are called 
ndeis, and are due to ^mdle shaped cu 

opacities between the lens fibres m 
layers a short distance outside the opacity V = f, 
mam opacity Occasionally two con . 

centnc nngs of opacity are seen The cataract is Mualir 
stationary nntil late in life, but cases occur m which total 
opacity gradually develops Both eyes are almost always 
affected, though not always to the same degree j 
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The opacit^js always BufSciraitlylargo to fill the area of tbe 
uodjlsted pizpil Tbe dimimjtMm of vision rs therefore entirely 
rlepcndent upon the density Tho patient is brought for 
pxnmimtion on account of defectne vision Ke usually holds 
objects very close to tbe ejea and is thought to l>c “short 
sighted ” Myopia js indeed not unconuuon in these cases, but 
the approximation of objects is usually for the purpose of 
obtaining la^r retinal images (tsrfc 
P 37} 

There is no doubt that lamellar 
(attract is due to a period of mal- 
nutrition at some stage of late of 

intn uterine or early infantile life 

It has been found that lamellar cataract m young rats 
offsprmc of mothers fed immediately after birth of the litter on 
thet laching in vitamin A, fat, and phosphorus may become 
normal if the food is repheed by a normal diet No rachitic 
changes are found in the bones, whereas older animals on a diet 
poor m vitamin A get rickets under these conditions, but no lens 
changes Epithelial structures are most oflected Epithelium 
as a rule covers surfaces, and the oldest cells arc cast off, bcmg 
replaced by young cells donred from the basal layer There 
arc two sites in which the epithelium persists (1) the lens, 
where, owing to its formation as an invagination of epiblast, the 
oldest cells arc central and cannot be cast oS , (2) the enamel of 
tbe teeth, where the cells become calcified and thus letamed 
Hence lamellar cataract is almost mvanably accompamed by 
defectne enamel m certain of the permanent teeth The 
hypoplasia difiera essentially from the condition of tbe teeth 
in congenital syphilis The teeth have an eroded appearance, 
with transverse Imes across them, the incisors and canines 
being most affected (Eig 181) 

The tune at which the pathological process took place :s 
indicated by the size of the diameter of the opacity and the 
narticuJar teeth affected with 
hj'poplasia Only those teeth ore 
affected whose enamel germs ore 
being formed at the time As 
regards the lens, the youngest fibres 
are the most superficial (vitfe p 9), Im 182 —Antenor capsular 
80 that the diameter of the opacity cataract (^ettlea^up ) 
indicates the size of the lens at the 

time The usual diameter of the opacity and the particular 
teeth affected both indicatp that the malnutrition generallv 
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oociirs at about the time of birth or shortly afterwards 
Concentric rings of opacity are accounted for by successive 
penods of malnutrition 

The cause of the malnutrition is probably to be found in 
errors of feedmg and possibly exanthemata There is some 
reason to think that ncLets is a cause, and congemtal syphilis 
has been mdicted, but on insufficient grounds A history of 
convulsions is very common 

Tjtalrdeni depends upon the density and the diameter of 
the opacity In cases with dense opacity and very poor 
vision with undilated pupils the treatment depends upon 
the diameter of the opacity If it is small with a wide 
area of clear cortex, and if distant vision is much unproved 
when the pupil is dilated and the refraction corrected so 
far as possible, an optical iridectomy may be performed 
In some cases, however, the opacity mcreases, so that 
mdectomy should not be done until there is fair certamty 
that the condition is stationary Suitable cases for this 
operation are therefore quite uncommon Usually the opacitv 
is large, and it is then necessary to remove the leas, whicn 
has the grave disadvantage that it abolishes accommoda 
tion Since the patients are almost always seen when auite 
young, the central core of the lens does not yet form a nard 
nucleus Non sclerosed lens fibres become absorbed if the 
aqueous gains access to them Hence lamellar cataract can be 
treated by discission or needling, whereby an aperture is made 
m the anterior capsule through which the aqueous enters 
This IS the ordmary treatment of lamellar cataract, but 
it should not be employed unless the vision is seriously impaired 
or the other methods of treatment are impossible As all 
varieties of density are met with the advusabihty of needling m 
cases with fan vision has to be considered The decision of 
this question depends upon whether vision mth corrected 
refraction and retained accommodation is to be preferred to 
probably improved vision after operation without accommoda 
tion I am of the opinion that vision of 6/12, or even 6/18. 
with retamed accommodation, is more valuable than a prob- 
lematic 6/9, or even 6/6 without accommodation but with the 
-naneasi^^Jif wimmjyrmiataiitjv va^jitrniiyiiQn-Vfixj’Iasses for 
distance and still stronger ones for near work I do not 
therefore operate in such cases 

It is not advisable to needle lamellar cataracts until the 
child IS 9 or 10 months old During the waiting penod the 
pupils should be kept dilated with 0 5 per cent atropine onct 
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, tvcTy other day so that the retina may be stimulated by light 

^ passing through the clear zone This procedure diminishes the 

® risk of nystagmus or squmt developing 

Anterior Capsular Cataract {Sjn — AnicnoT Pohr Cataract) 

* This form of cataract is commonly Imown as anterior polar 
It 13 best to reserve this term for any cataract at or near the 

‘ anterior pole of the lens since there are two forms of antenor 

* polar cataract viz antenor capsular and anterior cortical 
Similarly the term posterior polar should be used m the same 
manner though there is more ambiguity here There are two 
forms of opacity which are known ns postenor polar cataract 
The posterior cortical cataract is the commonest form of com 
plicated cataract («d« p 323) (Fig 186) The other postenor 

t ])olar cataract is not strictly a cataract at all since it is 
(iue to persistence of part of the posterior s ascular sheath of the 
lens an 1 is thorefore situated upon the posteriot surface of the 
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lens t€ it IS not a true lenticular opacity (Fig 188) thougli 
there is alwajs some opacity m the adjacent lens fibres 
Anterior capsular cataract is due to abnormal proliferation 
of the cubical cells which line the anterior capsule (Fig 183) 
an 1 13 usually limited m uncomplicated cases to a small area m 
the centre of the pupil (Tig 182) Thestimulusto proliferation 
13 caused by contact with the normal or inflamed cornea C!!on 
tact ofthe lens with tbenonoalcorneo causes opacitym the lens 
onl} if It occurs at an early age This is indeed fortunate for 
if it were not so many intraocular operations e iridectomy 
would be impossible In very joung children it is probal le 
tha-t e. s-try ehiWrt w. tU. Tb* 

older the patient the longer js the time required Contact with 
an inflamed cornea is more liable to produce an anterior cap 
atikr cataract than with the normal cornea In most cases it is 
due to perforation of a comeal ulcer usually caused by ophthal 
mia neonatorum more rarely to a perforating w ound 


320 DISEASES OF THE ElE 

Antenor capsular cataract is sometimes congeuital wlieau 
is also probably due to contact with the cornea possibly owing 
to delayed formation of the anterior chamber without actiw 
perforation In these cases it is almost always bilateral, 
whereas the acquired form is generally unilateral 
When an nicer perforates the aqueous escapes and the lew 
and ins are driven forwards into contact with the bach of the 
cornea If the perforation becomes blocked with iris the 
antenor chamber re forms the length of time of contact 
between the lens and cornea varying m different cases If it 
IS short no harm may be done to the lens unless the patient u 
very young If it is more prolonged an antenor caistJar 
cataract is formed and the lens adheres more or less to the 
wound When the antenor chamber re forms, the lens usuallj 
separates completely from the cornea less frequently the 
adhesion stretches out into a fine filament which may persist 
or break Occasionally the adhesion is so firm that the lens 
is permanently anchored to the cornea the eye is usnallr 
lost by panophthalmitis ox secon^ry glaucoma in these case* 
The ^gmog upon the adhesion when the antenor chamber 
18 re formed may cause a conical protrusion of the cataract" 
pyramtdal cataract (Figs 117, 182) 

The deleterious effects of contact may affect the imderijmg 
cortical fibres so that an antenor cortical cataract ma^ occur 
with a capsular one The cubical anterior capsular cells may 
grow in between the capsular and cortical opacities They 
give nse later to normal trausparent lens fibres so that the 
two opacities become separated by a narrow clear 20 ne of 
cortex In the absence of cortical degeneration the opacitv is 
usually so small and sharply defined that vision is little 
impaired and no treatment is required 
Congenital Cataract manifests itself m a variety of difiereat 
forms As already stated antenor copsular and typical 
lamellar cataracts may be congenital Many other forms are 
nearly allied to the lamellar type those occurring early m 
fcetal life bemg small m diameter (twfe p 31C) To this cate 
gory belong the following — 

Geiriral or naclear cataract a small spherical opacity ii» the 
cftnfjAof.thalftns. sjumuindf^UY cjaancmlnx. 

Fusiform cataract also called spmdie shaped axial or 
coralliform an antero posterior spmdie shaped opacity, some' 
times with offshoots giving an appearance much resembling 
coral this form shows a great tendency to occur m families 
Discoid cataract is also a ^milial form showing a somewhat 
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11 defined disc ol opacit} just behind the nucleus m the 
iostcnor cortex 

In other congenital cataracts mmute points of opacity are 
!oen scattered throughout the lens, or limited to parts— 
wnctate cataraci Many varieties of tins type occur Bluish 
ipots, seen by oblique illmmuation near tfie anterior surface 
>f tlip lens, and of congenital ongiu, arc not uncommon 
they arc almost transparent when viewed with the opbthalmo 
icopt, remain imohangcd throughout life and require no treat' 
nent A single minute round opaque spot, usimlly cccentne 
ind situated on the back of tlie lens, is not infrequently seen 
n the routine examination of patients with the opbthalmo 
icope This spot can alua>sl>c foond with the slit lamp, and 
a caused by the remains of the foetal posterior vascular sheath 
jf the lens 

Most of these congenital cataracts ate stationary They may 
bo associated with other congenital stigmata, such as njstag 
mus {nde p 5G3), congeuital coloboroata, Ac They may 
require no treatment, or optical iridectomy or discission may 
be indirntcd (i«/« p 318) Itis wise to wait until puberty id 
cases apparently suitable for optical iridectomy, the pupils 
being kept dilated with atropine m the meantime, since some 
lire not atntionar} but gradually progress to the formation of 
total cataract 

Total cafaraci may be congenital or the result of progressive 
partial congenital cataract The lens may be shrunken and 
much degenerated, and there are often other congenital defects 
lu the fundus, &c These cases should bo treated by discission, 
but the prognosis given must be very guarded Sometimes 
needling rev eals persistence of the posterior v ascular sheath of 
tlie lens, with or without jiersistence of the hyaloid artery 
In such coses violent attempts to remov e the opacity by need 
(mg will result in the loss of the eye 

The pupil is often small witli congenital total cataract and 
reacts very fcthly, if at all, to light and on convergence 
Neither docs it dilate appreciably with atropine Attempted 
discission of the shninken cataract often causes rupture of 
suapciisory ligament, and it may bo necessary to remov e the 
membranous fens witfi toofica' capsufe xbreeps 13!}} 

through a keratome incision Vitreous is usuallj lost and 
there maj he severe reaction, but the result not infrequently 
justifies the heroic measures 

Congenital cataracts should not m general be needled until 
the child IS 9 or 10 months old If there is a clear peripheral 
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zone they should be treated like lamellar cataracts (ndep 318) 
In cases where the lens is completely opaque, or the pupil will 
not dilate and when sqomt or nystagmus is developing it is 
advisable to needle at a much earher age, though there is some 
nsk in. doing so 

The Treatment of Unilateral Cataract *n Children When 
denseunilateral cataract occurs m a child whether from lamellar 
or congemtal cataract or from traumatism {vide ‘ Traumatic 
Cataract ) so that the pupil becomes grey or white it is 
advisable to needle early In these cases the appearance of the 
eye mihtates against the mdividual obtaining employment 
Moreover needling is a less severe operation than extraction 
o! cataract which may become necessary at a later date if the 
other eye fails The treatment of unilateral cataract in children 



Fio ISl —SecoadAiy c«Uract from » sect on bjr Treacher Coll ns 


differs therefore from that of a similar condition n adults (ade 
P 314) 

Secondary Cataract (Syn — After cotorocf) is the opacity which 
persists or foUows after the extraction or discission of the lens 
In both these operations the postenor and part of the anterior 
capsule remain tn situ If only the posterior capsule remains 
m the pupillary area the corrected vision will probably be good 
though it may be much impaired by wnnUmg of the cap«ule 
and the consequent irregular refraction In many cases 
especially when the cataract is not quite mature some soft 
clear cortex sticks to the capsule This becomes partially 
absorbed by the action of the aqueous but it often become& 
shut off from the aqueous by adhesion of the remains of the 
antenor capsule to the posterior capsule In snch cases the 
cubical cells which hue the antenor capsule also persist , they 
continue to fulfil their function of forming new lens fibre? 
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though those formed under the abnormal conditions are 
abortive and opaque (Fig. 184). If these remnants lie in the 
pupillary area a dense membrane is formed through which the 
rays of light penetrate with difficulty, so that vision is very 
imperfect. If the preidous operation has been followed by 
iritis, exudates also adhere to the lens remnants and organise, 
thus contributing a fibrous membrane in addition. 

Secondary cataract is demonstrated either by oblique 
illumination or by the ophthalmoscope If fine, it may be 



Fiq 186 — Fostmor cortical catatact 1, 2, 3, as in Fig 174 
(NetUcship ) 


difficult to see, forming a grey film by the former method, a 
cobweb-like haze by the latter The denser membranes are 
easily recogmsed. They vary m density, showing coarse 
opaque bands separated by more transparent areas. 

Tnalment, Secondary cataract requires needling Ivtde 
p. 481). 

Complicated Cataracts {Syn.^-Secondary catarncts) are those 
forms which result from malnutrition of the lens, due to 
disease of other parts of the eye or of the general system. 
The lens is nourished by lymph which is supplied by the 
ciliary body. If, owing to deease of the ciliary body or to 
lymph secreted from abnormal blood, 
the nutrition of the leos suSers, opa- 
cities ate formed. They usually com- 
mence in the centre of the posterior 
part of the cortex, and are therefore 
at first posterior cortical cataracts (often 
called posterior polar) (indc p. 319) 

(Fi^. 185, 180). The opaaty seldom 

remains confined to this situation; it 

progreEses, aflectiug tot the peiiphcOT js«_p„tct,o. c, 
of the anterior cortex close to the tieni cataract (p<»tenor 

nucleus, finally involving the whole pt'iar cataract), acen bj 

cortex. In many cases Sie opacities I'ght. 

are fine and dust-like, and arc scattered throughout the cortex 
from thf commencement, mcreasing in number and density ss 
time gojs on. 
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The total cataract formed in this manner is usually soft and 
uniform m appearance In stiU later stages the rratery con 
stituents become absorbed, the capsule becomes tbicbened, 
the vfhole lens shrmks, giving nse to tremulousness of the 
ins, and other degenerative changes — calcification, dc — ensue 

Coraphcited cataracts occur m advanced cases of cychtis, 
in absolute glaucoma, m choroido retmitis — dL«semmafed 
choroiditis, “ rctmitis ” pigmentosa ic — in high mjopia, in 
detachment of the retina , they also occur in suppurative 
inflammation of the cornea, especially that produced by iilcui 
serpens The opacity in the postenor cortex, which is generally 
stellate in shape, is seen in its most characteristic form in 
“ retinitis ” pigmentosa in which disease also its slow progress 
can be easily watched The vision is already much diminished 
before comphcated catanct makes its appearance This fact 
is of the utmost importance from the progno'^tio point of new, 
since even if the cataract is successfully removed, the pro 
gressive diminution in nsioo due to changes in the fundus is 
not thereby influenced In every doubtful case not only must 
the central and peripheral nsion be carefully imestigited, 
but an eai\au«ti\e search must be made for precipitates 
upon the back of the cornea 

Treatment must be directed in the first case to the cause of 
the complication This i$ often tedious and iiasatisfactory, 
but must be per®e\ered in as long as useful n^ion persists 
If then the perception and projection of light appear to be 
fairly good and the cataract is of a nature suitable for opera 
tion it should be removed by disci‘»^^ion or extraction, according 
to the age of the patient Many casos are not suitable for 
operation, mostly on account of cyclitis or the a erj defectn e 
vision and projection of light Even in these, if there is a 
possibility of success operation may be undertaken after 
wammg the patient of the doubtful issue, for the loss of such 
an eye weighs little against a reasonable prohabihty of 
improved vision It is wise in these cases to do a prehmmary 
indectomy («dcp 315) 

Diabetic Cataract should be regarded as a form of com 
pheated cataract Cataract in diabetic persons is by no 
means always diabetic m the proper sense of the term Semie 
cataract of the usual type, following the usual course, often 
occurs, and should be treated m the ordinary manner, though 
in the early stages the general disease must inaanably receive 
every attention, both in the matter of diet and drugs True 
diabetic cataract is comparatively rare, and occurs m younger 
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adult patients It is always bilateral and commences vntb 
small discrete cloudy opacities immediately beneath the 
anterior and postenor capsules (Fig 187) Dusty opacities then 
appear throughout the cortex and rapidly mcrease until total 
cataract supervenes A uaifonn milky opacity of rapid onset 
should always suggest the possibility of diabetes, though of 
course the unne should be tested as a matter of routme m all 
cases of cataract 

Diabetic cataract, though usually occurring m patients with 
a large percentage of sugar m the unne is not immediately due 
to the mere presence of sugar in the aqueous, for it is never 



Fio 167 — al eljc cataract Optical sect on m seen with 
the slit lamp (Cioulden ) 


sufficiently concentrated to cause cataract per se Neverthe 
less, there can be little doubt that osmotic chauges are a 
prominent factor m the pathogenesis and account for the 
accumulation of droplets beueatt the capsule 
Cataract is readily produced id rate fay a diet containing large 
doses of lactose or galactose (but not deztrose) These sugars are 

iiaid t£> ajd ah.'uuyJ'juD nf cj)}aJXJD Sroxo tba And jt- js 

noteworthy that there was an increase of calcitmt m the eyes with 
cataract, bnt no increase lu the blood 
Treatment It is imperative m all cases of true diabetic 
cataract to treat the general condition before adopting opera 
tive measures It is rare for the opacity to clear up under such 
treatment , but since cases do occur (Nettleship), and since 
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operations upon the eyes of diabetic patients have special 
dangers of then ovm this chance should always be afforded 
If general treatment is unsuccessful the cataract must be 
extracted In spite of the special difficulties attendmg the 
operation the results are often quite satisfactory though a 
guarded prognosis should be given Contrary to what might 
be anticipated the wound nsually heah> well The special 
dangers are local and general Of the former the tendency to 
severe intis and to hiemorrhageare the mo<«t important The 
necessary mampulation of the ms is likely to set up traumatic 
intis of a peculiarly violent type Iridectomy in the course 
of the operation may be attended with much hosmorrhage 
which not only obscures the view of the field of operation but 
may endanger the eye violent intra vitreous or subchoroidal 
hamorrhage may destroy the eye at the time of operation 
Hence it is desirable to remove a diabetic cataract by simple 
extraction t e extraction with 
out iridectomy or at an} rate 
with only a penpbenl Initton 
hole mdectom> {vide p 499) 
The chief danger affecting the 
general system in these cases is 
the risk of the sudden onset of 
diabetic coma It is compara 
tivelyshgbt ond must be yarded 
againat as far os possible by a 
suitable course of anti-diabetic 
treatment before operating 
Fig 188 — Coloiioma of the lens Another grave danger is that of 
(Msreus Gunn) The direct on septic infection If It OCCUrS 
panopMbalml« r»p,dlj super 
defect ve deTeiopment of the vencs owmg to the Very defective 
stupensoiy 1 gameot of the resistance of the tissues 

Traumatic Cataract Seep 440 
Persistence of the Posterior Vascular Sheath (Syii — Posienor 
Polar Catarad) See p 332 

Glass uorlers Calarad occurs ch eBy in men who hate loi " 
been engaged m glass n anofacture part cuHrlv beer bottles and 
plate glass It does not affect those who make fl nt gla s bottle 
or pressed glass art cles the heat of the furnaces be ng much less 
m these cases The cataract is very character stic In the early 
stages there la a small disc of opacity m the posterior cortex of the 
lens thinner and more sharply defined than the posterior cortical 
opacity of compl cated cataract h t it mav extend throughout 
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tile cortex m the later stages The radiations from the molten 
glass contain few ultra violet raya, which are therefore probably 
not the cause It is most likely that heat is the cause, actmg, 
not directly on the lens, but upon the ins and ciliary bodj , thns 
influencing the natnfcion of the lens As already stated (p 22), 
heat radiation is absorbed by the pigment epithelium of the ins, 
ciliary body, and retina Vogt has produced cortical cataract in 
rabbits by exposure to radiation of wave-length 670 — 700 fifj. 
for less than an hour 

It has recently been shown that certain tron mrkers, esMcially 
tin plate miUmen and chain makers, aufier from an identical 
condition It is apparently rate in other iron workers, probably 
because they seldom look at the hot metal, and when doing so 
protect then eyes with coloured glass It does not occur among 
acetylene welders, &o , who are unable to carry out their work 
without efficient protection of the eyes by suitable deeply tinted 
protective goggles 

Irradiation Cataract, doe to exposure of X rays or radium, 
resembles the early posterior cortical stage of glassworkers’ 
cataract One course of deep X taysjuay suffice There is a 
considerable latent period, which may be at least two years 
Only the y-rays of radium seem to be nocuous 
Perinuclear cortical opacities occur m the lenses of Mongolian 
tdtofo at about puberty Similar opacities also occur m cases of 
post-operative tetany and myotonia atrophica (udep 509) 

CONQEMTAI. ABKORSfAMTlES OF THE LENS 
Besides the various forms of congenital cataraci {vide p 320), 
abnormalities m the shape and position of the lens occur, often 
associated with other malformations of the eye 
Cohboma of the lens is the condition in which there is a defect 
m the inferior ma^in, usually notch shaped , less frequently it 
occurs in some other part of the margin (Fig 188) It is due to 
defective development of part of tbe suspensory ligament 
Ectopia lentis or congenital dislocation is a subluxation of the 
lens, usually upwards or up and in, and bilateral The condition 
15 often hereditary The lens is small, but the edge is generally 
invisible until the pupil is dilated The usual signs of subluxation 
(vide p 436) are then seen It u sometimes associated with 
arachnodactyly 

Lenticonus, generally posterior, is an abnormal curvature of the 
lens, so that the surface is somewhat comcal instead of spherical. 
It is best studied by means of the slit-lamp 



CHAPTER XVI 
Diseases of the Vitreous 

The vitreous humour is an inert, jelly like structure which 
subserves optical functions p 30) It contains proteins 
and a muco protein It has all the properties of a hydrophilic 
gel, undergomg tuxgeseence m an alkalme, deturgescence m 
an acid aqueous medium It is in %ery unstable equihbnuni, 
and readily becomes transformed into a sol, either by 
mechamcal means or chemical, ep , metabolic changes Hence, 
“ fluid ” vitieons la a common pathological condition It 
possesses nn blood vessels m post natal life, and is mcapable of 
becoming inflamed the old term “ hyalitis ” rests upon mis 
conception, and should be avoided We have, therefore, to 
deal only with symptomatic conditions 

Opacities Black specks, floating before the eyes, are seen 
by normal persons imdec favourable conditions These inuscff 
t'chta?iles are opacities of various kinds, viewed entoptically, 
te, they throw a shadow upon the sentient elements of the 
retma, thus appearing as dark spots in the field of ausion Any 
relatively intranspareol bodies situated antenor to the rods 
and cones ate therefore able to produce muscce To this 
category belong the corpuscles circulating in the retinal blood 
vessels , if it were not for tbe fact that the retina is normally 
adapted for red Lght the entoptic images of the circulating 
corpnscles would be i senous impediment to clear vision 
Other muses are due to minute specks m the vitreous, eo small 
and so slightly mtr&nsparenfc that they cannot be seen objec 
tively by tbe ophthalmoscope 

Under abnormal conditions muscic may be so mcreased as 
to interfere with vision and to become visible by the ophthal 
moscope They then indicate some disease of the uveal tract, 
particularly of the ciliary body they are found m cyclitis, 
retino-choroiditis, myopia, Ac In their slightest mamfesta 
tion they ore dust like opacities, which may permeate the 
whole vitreous or be hnnt^ to tbe antenor part When very 
fine a plane mirror and ma^fication by a convex lens are 
necessaryiDordertodistingaishthemltidep 110) They are 
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due to ramute albuminous coagula and nggregvtious o( Icuco 
cytcs, the former derived from the ciliary body and choroid, 
the latter only from the cihaiy body and poasibly the retina 
In the more severe cases flakes and threads are seen and the 
entoptic linages may }>c so sharply definetl that an intelligent 
patient is able to draw them accurately The larger opacities 
are often found after haimorthage mto the vitreous They 
almost mvanahly float about, showing that the vitreous is 
fluid (tndc tnfra) though tlioy may be more or less anchored 
to the rctma Vision is often best m the morning, before 
the muddy vitreous has been stirred up by movements of the 
eyes 

Dense vitreous opacities obscure the view of the fundus with 
the ophthalmoscope In moderate cases the disc and vessels 
may be made out, as if seen tlirough a dense haze The disc 
looks redder than usual and it may bo (lifTicult to decide 
wlvctber there is papillitis or not 
Very frcmiently in the slighter coses no objective signs of 
disease con be made out m the fundus , the foci ore either too 
fine to be appreciate I or arc anterior to the field of ophthal 
moscopic Vbioa t c m the antenor part of the choroid or in 
the ciliary body 

Treafnieat Slight cases of muscai v ohtantes without objec 
tivo signs, require no direct treatment Patients should bo 
advised to ignore the spots as much as possible, as they ate 
often only visible when attention is specially directed to them 
Any error of refraction should be correctciJ and special mdi 
cations os to the amount and conditions of near work should 
be given In many cases the patients suffec from gastro 
intestinal disorders, which should be suitably treated 
Treatment of the more severe cases of vitreous opacity 
depends upon tlie cause When this is known as in irido 
cjclitis syphilitic retinitis retino chotoiditis tubercle of the 
uveal tract and so on, attention must he specially directed to 
the treatment of the prima^ foci The prognosis is best m 
the syphilitic and the milder indocythtic cases 
When the cause cannot be discovered iodides are generall} 
grv'en, rtstfwj aresttpposctftopnmtoMii^ofpfMn Thcfntsy 
bo combined with mercury, even m non sj’pbilitic cases 
The oves should be kept at rest with atropine and dark 
glasses Hot bitluugs and leeches or dr} cupping may be 
tried, and subconjunctnal injections have been bencficjal in 
fioroe cases hut must not lie used if there is any active inflam 
mation Dionin has also been advocated 
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Fluidity of the Vitreous (Syn — SyncJiisis avy^^to), to pour 
together, disturb) ts due to absorption of the fifank and 
degeneration of thejelly like tissne, caused bysomebioclionucal 
change in the vitreous gel It is therefore a common feature 
m the cases in which opacities are present, and is associated 
with the same causes It cannot be diagnosed with certamtv 
m the absence of opacities, and is indicated by their free 
movements when the eye is rapidly moved Fluidity of the 
vitreous may m some cases be simply a senile degeneration 
The tension of the eye may be normal, but •'oft ey^ nearlj 
always contam flmd vitreous 

The degeneration of the vitreous which leads to fluidity 
often causes the deposition of crystals of cholesterm, which 
emk to the bottom of the vitreous chamber, but arc stirred up 
by movements of the eye They then appear as a very beauti 
ful shower of golden ram — synchtsts scinhllam There may be 
relatively little mterference with vision 

Fluidity of the vitreous teqmres no treatment m itself, but 
It 13 a senous complication if any intraocular operation is 
contemplated In such eyes the suspensory ligament of the 
lens IS often weak, so that prolapse of the vitreous, dislocation 
of the lens, and so on may occur Even when the vitreous 
pours out under the&e circumstances useful vision may yet bo 
retained, the vitreous being replaced by lymph 

Blood in the Vitreous Haemorrhage into the vitreous may 
result from atteucsclerosis or inflammation of the retina, from 
contusions or wounds of the eye, diabetes, permcious anamia, 
malana, &c , or without apparent cause Small hieinorrhages 
are seen ophthalmoscopically and can be accurately watched, 
though the surcounduig vitreous always contams exudates, 
unless the blood 15 subhyaloid (nde p 361) Larger baimor 
rhages, filling the vitreous with blood, are suspected when no 
reflex can be obtamed on throwmg m light with the mirror 
It may then be possible to see a ted mass behmd the lens by 
obbque illumination 

There is one form of severe \ itreous hvraorrhage which occurs 
in apparently healthy young adults, usually males {Fates 
disease) it is probabi} due to a blood condition associated 
with defcctne coagulability There is reason to think that 
tubercle is responsible for some of the cases , and cudoerme 
disorder* especially of the thyroid and pituitary^ bodv, for 
others Some of the patients suffer from epistaxis It has a 
great tendency to attack both eyes m succession and to recur, 
so that though absorption may be complete m the early 
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attacl^ pexmaneot delect or complete loss of sjgbt may 
ultimately foUo^v from damage to the letma, tetimtis pro 
Jiferans, or dense ^jtreoHs opacities It is characteristic of 
vitreous bfcmorrhage that absorption usually takes place 
without organisation, oumg to the absence of fibroblasts in 
the vitreous Wlien organisation occurs, as in so called 
retmitia proliferans (5 « ), it is most marked near the disc, 
from ulnclc nienibrancs and strands stretch forwards This 
IS due to the presence of mosobhstic tissue, containing 
potential fibroblasts, around the central vessels Eaeii then 
organisation rarely occurs in the absence of some general 
dyscrasia, e g , syphihs, nephritis, A.c In other cases, therefore, 
the prognosis is good, bcanng alwaj^ in mmd the tendency to 
recurrent htomorrhage 

Trealment Rest is imperative m all cases of vitreous htemot 
rhage, and m the early stages the patient should be kept mbed 
Straining and stooping moat be avoided as much as possible 
In cases of recurrent hannorrhage attempts may be made to 
increase the coagulability of the blood by the administration 
oC calcium salts, the treatment being controlled by repeated 
estimations of the coagulation time ibe association of hsmor 
rhages with scurvy suggests the addition of fruits and vege 
tables contammg vitamm C, or the administration of cevitamic 
acid (one or tiro tablets daily) Appropriate endocrine therapy 
should be instituted if specially indicated 
Fibrous Tissue In the Vitreous is found m cases of plastic 
jridocjchtis, usually in the form of membranes stretching 
acro'^s belimd the lens They cannot os a rule be seen clinically, 
as the lens 13 opaque 

A subacute form of plastic endophthalmitis occurs in children 
and gives rise to one form of so called psendojhoma It is often 
first noticed by the mother as a whitish reflev in the pupil 
(amaurotic cat’s eye) Generally there is no knowledge of 
inflammation having occurred m the eye but a history may be 
obtainetl of fits, ear disease, an acute specific fever, post basic 
meningitis or some serious illness Several cases have been 
proved by pathological exaromation to have been due to the 
meningococcus There are usuaffy signs of past intis or 
indocycbtis — posterior synecbia? Ac The diagnosis from 
glioma 13 of great importance (tide p 424) 

As already mentioned, recurrent hromorrhages are liable to 
give rise to retinitis pioliferans, which la teall> a formation of 
fibrous tissue m the Mtreous 

In some ca=es of this tjpe, especially in syphilitic, gouty. 
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and possibly tuberculous subjects, minute bunches of new 
formed blood vessels project from the di«c or retina, usually 
neat the disc, mto the vitreous (tnJc p 365) 

Pus m the Vitreous This is found only in panophtbalraiti«, 
which IS almost mvanably due to a perforating wound or ulcer, 
though ca^es of metastatic inflammation of the retina and 
choroid also occur and lead to a similar result {vtdc p 311) 
The reflex with the ophthalmoscopic mirror is poor or absent 
Obhque illummation ^ows a yellow behind the lens The 

eye is always mtensely mfiamed, and little difficulty is usually 
expenenced in amrmg at a correct diagnosis The treatment 
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m cases of exogenous mfectioo is that of panophthalmitis due 
to perforatmg mjurv {vide p 457) In the rarer cases of endo 
genous mfection it is that of the primary cause 
Persistent Hyaloid Arteiy The hyaloid artery, which m 
fmtal life nourishes the vitreous and supplies hlood to the 
posterior vascular sheath of the lens, becomes obliterated 
dunng the sixth and 'evcnth months, and usnally disappears 
completely before birth A remnant, stretchmg forwards 
from its origin on the disc, is normal m oxen Smular remnants 
are not very rare in man thej appear as a strand projecting 
from the disc mto the vitreous There may be membranes 
veihng the disc from view in such cases A remnant of the 
anterior part of the hyaloid arteiy can be seen m normal 
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C} es, with the slit lamp, as a whitish coiled strand attached 
to the posterior capsule 1 to 2 mm to the nasal side of the 
posterior pole Sometimes a larger portion persists, appearing 
iia a cjrcmar spot on the back of the lens, often inaccurately 
termed a posterior polar calatael (Fig 180) 3lore or less of 
the posterior ^ asculat aheath may persist m such cases, gmng 
rise to a larger central opacity on the back of the lens In 
thesQ cases there is always a gap m the posterior capsule of 
the lens and the adjacent posterior cortical lens fibres ate 
catarsetous The hyaloid artery may persist m its entirety 
with more or less of the vascular sheath (Fig 190) It maj 
contain blood, and blood vessels may be seen upon the back of 
the lens , it is then liable to be mistaken for a ghoma of the 
retina, and constitutes one form of pseudoglioma (tide p 421) 

The appearance of the posterior part of tlie liyoloid artery, 
IV hen persistent, is very characteristic A filmy, greyish cord, 
sometimes cootoinmg blood, passes forwards from tbs disc 
tovrarda the lens It unde^oes serpentine writhmgs when the 
eje IS inoaed 

Wlien the hj aloid artery is persistent there is often defectn e 
or atymical development of the vitreous, part of which 
resoinbles fibrous tissue in structure Every stage may be 
met nith, from that uiterfenog little or not at all with vision 
to complete opacity, usually with maldevclopmcnt of the 
whole eye— microphthalmia 

Foreign Bodies m the Vitreous See p 451 

Parasites in the Vitreous Gysltccmts is excessively rarely 
found m the vitreous m England though it is less uncommon 
m some other countries The actual parasite may bo seen 
ophthalmoscopically as a pearly translucent mass with 
peristaltic movements The treatment — removal — is very 
difficult 



CHAPTER XVII 
Diseases of the Choroid and Retina 

It has alreadj been pointed out that different parts of 
the uveal tract rarely suffer alone This intimate connection 
IS most marke<l in the anterior parts, but clinically the evidence 
of cychtis when the choroid is inflamed is slight, though not 
entirely wanting The outer layers of the retina are dependent 
for their nutrition upon the choroid, so that when the latter 
suffers the former is always involved secondarily Primary 
affections of the retina may occur without involvement of the 
choroid primary affections of the choroid mvanably involve 
the retina secondarily in greater or less degree 
This profound relationship between the retma and choroid, 
60 indisputably mamfeste<l clinically, renders it advisable to 
consider their diseases in close connection with each other 
It will he found that some diseases commonly designated as 
“ letimtis ” are m reality secondary to a pnmsry choroiditia 
while others also inclnded under the same term are not 
inflammatory, as is suggested by the word It is well, there 
fore to beat in mmd that “ retinitis ” is used in a broad fense 
The «ame ambiguity is noticed m the use of the term " cho« 
roiditis,” which frequently designates a degeneratn e condition 
without any evidence of inflammation 

Primary Affections of the Choroid 
Vascular Disorders lUthough the blood supplj of the 
uveal tract is almost entirely derived from the posterior ciliarj 
arteries the pecuhar distnhution resulting in the formation of 
the circulus artenosus indis major causes miolvemcnt of both 
ms and cihary body in pathological vascular conditions 
whereas choroidal lesions are often restricted to isolated arcis 
Sclerotic changes in the chonocapillaris, for example ma} be 
sharply dehmited as m macular degeneration, Ac , and doubt- 
less many of the patches of so called choroiditis and choida! 
ilegeneration are o'l vasciiiar ongin 'home are prdoddiy hue 
to embolism or thrombosis, but have rarely been proi ed «o hi 
histological evammation Localised choroidal hTmorrhages 
occur, but are difScolt to diagnose from the rounded retinal 
hemorrhages posterior to the vessels (vide p 362) Massive 
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litomorrhagea from the choroid occur in expulsive htemorrhage 
{vide p. 501). 

Inflammation affecting the choroid primarily — cifioroidids — 
occurs in two ionns, exudative and auppurative. The former 
appears in the form of isolated foci of mffammation scattered 
over certain areas of the fundus, and is conveniently classified 
according to the position of the areas involved. The Utter 
spreads over the whole choroid and retina, and the primary seat 
may be in the retina : it leads ultimately to panophthalmitis. 

hVwdafiie c/ioroiditis is often eyphiUtic in origin, though 
certainly not so generally as was formerly thought , it affects 
chiefly either the posterior part of the fundus — disseminated 
choroiditis — or the anterior part — anterior choroiditis. 

DlssemmatedChoroiditismay betaken as a type of the disease 
(Plato IX., Fig. 1). The recent foci arc seen ophthalmoscopi- 
cally as round yellowish spots , when neat a rctmal vessel 
they ho at a deeper level than the vessel. They are due to 
infiltration of the choroid, the exudates hiding the choroidal 
vessels w’hich cause the normal red reflex. In the early stages 
the elastic mcinbraoe of 
Bruch IS intact ; m 
tliK^e circumstances only 
fluid exudates can pass 
through It, but these 
Ruflice to make the over- 
lying retina cloudy and 
grey. Hence the edges of 
the spots are a little 
hazy and ill-defined. The 
exudates not only pass 
into, but also through the 
retina, so that punctate 
or cliffiise opacities are seen 
in the vitreous When the 
vitreous haze is excessive 
the ciliary body IS also pro- 
bably involved. In later 
stages the membrane of 
Bnich may be absorbed, 
though it offers consider- 
able resistance in conunon 
withall elastic membranes. 

When this has occurred leucocytes areenabled to pass through 
into the retina and vitreous. 
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Owing to the fibroblastic activity of the choroidal stroma 
the exudates become organised, so that a small white mass 
of fibrous tissue is fonn^, which destroj^ the normal struc 
tures of the choroid and retina and fuses the two membranes 
firmly together The colom of the spots therefore gradually 
changes to white partly doe to the fibrous tissue deposited 
partly to thinning and atrophy whereby the white reflex from 
the sclerotic is permitted to «!hme through (Fig 191) 

The pgment of the retinal pigment epithelium is extremely 



resistant even though the cells which contam it be destroyed 
It tends to become heaped up mto masses, partly mtra , pnrtlj 
extra-cellular moreoier the pigment cells are stimulated 
to proliferate Isolated masses of bhck pigment are thus 
formed in the white areas but more particularly at the edges 
so that m the atrophic stage white spots surrounded hv a 
black zone of pigment arc «een (Fig 192) The proces-j has 
then reached its natural termination and these spots remain 
permanently almost unaltered They are much more sharply 
defined than the actively infiammatory spots 
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Jleanwhilc fresh foci ame and pass through the same stages 
until hnally the whole fundus may be covered with atrophic 
spots In the milder cases only a few spots are formed and 
the exudates in tlie vitreous b^me absorbed In the more 
severe the spots are very numerous, the vitreous opacities 
increase, and finally the nntntion of the lens suffers and a 
complicated cataract (qv) results Owing to the transiency 
of the acute stage the atrophic stage naturally comes much 
more frequently under observation 

The symptoms in the early stages are principally the defects 
of vision due to the retinal lesions and to cloudiness of the 
iitreous The spots are slightly raised, so that the contour 
of the retina is atterod This causes distortion of the images, 
giving rise to similar appearance of distortion of the objects 
seen — mctamorphopsia thus atmight lines appear to be 
wavy or bent in vanous directions 1 rcijuently objects appear 
smaller than they are — micropsia , sometimes larger — 
macTOpsia these results arc due to separntion or crowding 
together respectively of the rodsanil cones They aroaotlikely 
to benoticcdunle-^stheinacular region is involved Subjective 
symptoms of light — photopsise— occur, such os flashes oi light 
duetoretinalimtability Thesesubjectne symptoms areoften 
occompamed by the perception of n black sjiot m front of the 
eye, corresponding with the lesion—posi/nr scctowa 

In the later stages the affected spots are incapable of giving 
rise to visual impulses, so that negative scotomata exist in the 
field of vision, t e , though there is no perception of a spot 
m front of the eye there is a hiatus in the field of vision of the 
same nature as the normal blind spot Their relative import- 
ance depends upon their situation Penpherel scotomata 
may pass unnoticed, central scotoma destroys direct vision , 
in the latter case peripheral vision still permits the patient to 
get about well, but all fine work is impossible 

The disease is chrome, organisation of the exudates taking 
several weeks The occurrence of fresh spots may extend 
the acute stage over months, and the ultimate defects are 
permanent 

The disease is usually due to syphilis, generally acquired, 
sometimes congenital, and hence associated frequently with 
interstitial keratitis , but m many cases the cause is obscure, 
sepsis anajmia and disorders of nutrition being assigned The 
changes produced hy myopia cause similar signs and symp 
toms , they are not infiammatory, but degenerative from the 
commencement (Chap XXIV ) 
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Treatment is primarily that of the aetiological factor — 
syphilis or such cause as can be discovered Iodide of potas- 
sium may assist absorption in all cases, and should be adminis 
tered The general regime advised for cyclitis (31)13 suitable 
m these cases Marked imtatiie symptoms indicate the use 
of dark glasses the abandonment of all near work, and some 
times the application of leeches 

Anterior Choroiditis is also usually syphilitic, and manifests 
itself in the same form as dicsemmated, but is confined to the 
peripheral parts of the fundns On this account it is frequently 
discovered only by the ophthalmoscope Similar changes are 
also sometimes found in high myopia Simple pigmentary 
changes at the penphery occur in old people as a senile degenera- 
tion 

The periphery of the fundus is often peppered over with 
mmute spots of pigment m congenital syphilitics , this is 
possibly a purely retmal affection It can only be distinguished 
bv degree from a similar pigmentation whicla may be a mere 
idiosyncrasy 

Central Choroiditis occurs m disseminated choroiditis, and 
m certam rate forms In Forster’s areolar central choroiditib 
the spots are said to behave in exactly the opposite manner to 
those of disseminated , they are first black, then enlarge, 
becommg white m the centre and hnally quite nhite The 
disease extends outwards, the peripheral spots being always the 
most recent 

Juxtapapillary Choroiditis [Rdinochoroiiitis jiatajinpillafu) 
(Jensen) occurs in young persons, os an exudation close to the 
diBc oval ID shape and oboot the same size as the disc The 
exudates cover the retinal a essels, and there are aitreous opacities 
and sometimes k p ” There is a sector shaped defect in the 
field of vision The cau'^ is unknown The inflamination slowlv 
subsides leaving a patch of atrophy Recurrence may take plice 

Diffuse Choroiditis is charactensed in the early acute stage 
by one or more plaques of yellowish white or grey areas 
shading off at the edges into normal fundus The pitches 
spread and coalesce so that the grenter part 0! the fundus may 
be finally mi olved The exudates ^adually orjjamse, leaving 
white areas m which the larger choroidal vessels per«ist, as a 
characteristic band like network The retmal pigment becomes 
heaped up into dense black, irregular spots, v anously grouped 
The retinal vessels course over the patches little changed m 
appearance The coalesced areas leave islands and spaces of 
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normal fundus between them when organisation is complete 
Fresh exudates occur simultaneously with the orgamsation of 
older ones, and sometimes the edge of a patch appears to creep 
over the fundus like the advance of a myzomycetes 
Some of these cases are ayphiUtic, some tuberculous {q v ) 
In others the cause cannot be traced, but probably many are 
due to metastatic bactenal invasion (wife infra, Metastatic 
Endophthalmitis) 

Purulent Choroiditis. See p 467 

Tubercle of the Choroid occurs m acute or miliary and chrome 
forms Mihary tubercles are found in the late stages of acute 
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railiary tuberculosis, especially tuberculous meningitis Occa- 
sionally they may be seen before there is any evidence of 
meningitis or generalised tubercle They are very common in 
the late stages of tuberculous meningitis m children, though 
they may appear only a day or two before death My own 
observations, clmical and post-mortem, lead me to thmk that 
they are nearly always present m this disease OphthaTmo 
scopieally they appear as round, pale yellow spots, most fre- 
quently observed in the neighbourhood of the disc, though 
any part of the choroid may be attacked Generally only three 
or four spots are seen, but aa many as sixty or seventy have 
been found They vary m size from pin point specks to 1 or 
2 mm m diameter They usually project sbghtly, so as to 
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raise the retina but the inner surface is often quite 0at, while 
the outer surface projects into the sclera They afford most 
important diagnostic evidence of tubercle in cases of meningitis, 
and obscure general disease Microscopically they consist of 
typical giant-cell systems, contammg a variable number of 
tubercle bacilli (Fig 193) 

Chrome tubercle of the choroid mav occur as a diffuse 
inflammation affecting large areas or the whole choroid, and 
characterised by the extensive development of granulation 
tissue , or, more rarely as a sohta^ or conglomerate mass, 
simulatmg sarcoma but usually showing defimte signs of 
inflammation, e g , oedema of the return, vitreous opacrties, &c 
The diffuse form shows ophf bahnoscopically areas raised some 
what above the surrounding fundus covered by cedematous 
retma, and with hazy edges There are usually ntreous 
opacities The mass consists of granulation tissue contaimng 
giant cells spreads until it involves the retina and may finally 
nil the postenor part of the globe Similar ophthalmoscopic 
appearances are met with resulting from metastatic choroiditis 
(ff 1 ), and from changes following Iocab«ed hsmorrbagc into 
the deep layers of the retina (so-called “ massive exudation 
m the recina(t'ufe p 373)) von Pirquet’s test or injection of 
tuherculm may afford help m the diagnosis Such cases were 
formerly all diagnosed as tubercle of cboroid but this is cer 
tamly not the case They occur both in children and young 
adults, and may subside, particularly id the latter, leaving 
large areas of cboroido retinal atrophy Possibly the cases 
which behave thus are not reaUy tuberculous 

Certainly true tubercle of the choroid may extend inde 
fimtely, especially in chDdren, and the conglomerate type 
usually docs so The sclerotic becomes involved , perforation 
takes place, usually near a \ortcx vein or an anterior per 
foratmg cibary vessel, a fungating mass appeanng under 
the conjunctiva Both types m very young childien may 
nearly simulate glioma of the retma (especially ghoma endo 
phytum (yi)), constitutmg one form of pseudoghoma 
(?v) 

Treatment No local treatment is indicated in miliary 
tubercle of the choroid The patient quickly succumbs to the 
general disease In diffuse and conglomerate tubercle treat- 
ment with tuberculin should be instituted m the early stages, 
but if the eye is extensii ely mvolved it is best to enucleate it 
and thus remove a dangerous focus from which the organism 
may be disseminated into the sj^cm Diathermy, as used m 
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d^^aclimtiit of tlie retina (y t ) Kasbeenu* -d for conclotmrate 
tabcrcle 0\etc) 

Metastatic ErdophthalmiUs Fndoecnous bactenal infee 
tJonoftbeeyeroamfestsit<eUmvanouswavs 3Io»’Tomn onlr 
theuieal tract IS iffect«l either as a whole (mptastaticmeitK) 
or m Its individual pan« as for example m gononheeal mtis 
The milder forms of indocichtis r ) and u\ejtis art proliablr 
due to toxins circulating m the Mood stream, and dem ed from 
bac‘enal foci m other parts of the body, e /? , the mouth, the 
g'Tieratne apjaratus especially in reomcn the intestinal tract 
andsoon Itiscertam hotroier from anatomical examination, 
that actual bacterial embolism occurs and in the«e case-t two 
facts «tand out prommentlr Fitsl various organisms show a 
«pectal se’cctintr for the vanous structures of the eve Thuv 
the tubercle bacillus never attacks the retina pnmanlv though 
this fitructure is ofttn mroKed wondanly in tu)xrrcuIous 
ducascof thcchonuJ ^-wnd except in the cave of cxtremelv 
virulent organisms aucha>tbc streptococcus th^inffammation 
«et up by endogonouv infection iv u«u3l)v Jess w ert thru when 
the organt<ra is introduced directlv into the ere from withoU 
* 11111 ? if the eyt t? mfec‘<d with tmemnocoen b^ a jtrforatmg 
wound an exogenous panophthslmitis (f i ) i-* Jdeh to be S 4 t 
up leading to tin. complete destruction of the organ So much 
IS this the case that •aproj Uytic organisniv, such us the bacillus 
subtilis which an- non pathogenic m other parts of th«* b^i, 
may cause panophthalmitis If, boweier, on organism tuci 
aa the pupuraococcus mvode« the eve by venr of the L>oc»i 
•■treani, thoucb on inteoH infUmmation n suits it lends to 
subside more rapidlr than m the exogenous coses I’roMyt 
the organism becomes attenuated m the bfood 'tnam an* 
ti-ssnes through the cintrollmg effect of speeific anlibcd.fjc 
In this manner i inilenl bictena mav «et up endophthafe j 
of every grade of sevtnty In the dav s when puerperal f '•^r 
was frevnfent intense metastatic jonophthalimtis cV' 
attacking both eves was not uncommon Itwss chara«>->j 
by the appearance of an fajrpopvon and the rapid deve^r-irt 
ofo veJlowpupillan reSex doc to pus in the vitreous 
tensomctastaticuvejtjv inn>lTjngin« ciliarv bodrandt}— j 
and due to twctcnal invasion was set up Such cay« 
greased exactly like ordinary exogenous panophthalmi a ,^1 
Thev are now seldom seen but cases of metastatic ki/Tjjj 
invasion often of obscure ongiti still occur m which 
stage of uveitis with hvpopyon is present They occ: 27fcc 
course of mfectious diseases especially pneumenu y 
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measles and scarlet fever, and of meningitis, dysentery, &c 
OpKthalmoscopically tke media are hazy, so that the yellovr 
cedematous letma is only dimly seen Under treatment the 
condition gradually subsides, not infrequently mth the restora- 
tion of useful nsion In mote severe cases the inflammation 
causes destruction of the ciliary processes the intraocular 
tension falls and the eye gradually shrinks In children the 
inflammation is probably often doe to the diplococcus ultra 
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cellulans of Weichselbaum and is followed by an exuberant 
development of new fibrous tissue of cyclitic origin The«e 
cases are not easily distmgmshed clinically from glioma, and 
form the largest group of so called pseudogboma (gt) In 
the milder cases there is less de\elopment of eyclitic fibrous 
tissue m the vitreous and less scarrmg of the retina, but whitish 
atrophic spots and areas accompam^ by pigment disturbance 
persist as evidence of the previous inflammation et milder 
cases gi\ e nse to ophthalmoscopic appearances which may he 
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mistaken for diffuse or conglometate tuberculous diseases of 
the choroid (g v ) (Fig 194), or thrombosiB of a branch of the 
central \ em of the retina In some cases the optic papilla has 
been the chief local focus, and an appearance of intense 
papillitis with much exudation extending mto theneighbounng 
retina is seen Some of the cases have been associated with 
fumncnlosis, and there is little doubt that they are due to 
metastatic infection with staphylococci Others have been 
proved to be dne to the pneomococcua, meningococcus, &.c 
Other obscure cases of retmitis with white spots or oval areas, 
usually near the disc, with or without bjemorrhages, are 
probably dne to the same cause 
The presence of precipitates (“ k p ”) on the back of the 
cornea and inconspicuous postenor synechi'B shows that m 
many cases of apparently localised endogenous choroiditis the 
whole uveal tract is really involved (meitis) 

The treatment depends upon the seventy of the attack, and 
the possibility of determining the primary focus and the 
specific organism In the worst cases tne patient should remaiB 
m bed, and purgatives and the drugs for the relief of pam 
should be administered Hot applications should be made and 
atropmcinstiUed Sulphonamide treatment maybe tried {vide 
p 6C0) If the 6} e becomes foil of pus it shonld be enucleated 
or eviscerated according to the principles which govern the 
treatment of panophthalmitis of exogenous origin (gi ) 

In the milder cases pui^tives and general tonic treatment 
are indicated Atropine should be instilled to keep the eye at 
rest, and dark glasses worn Counter imtation with leeches or 
blisters to the temple may be indicated If the pnmary source 
of infection can be discovered it must be treated radically 
If the organism can be isolated vaccine treatment is indicated, 
and m the more obscure cases treatment with a polyrolent 
vaceme may be of some avail 
Suppurative or Purulent Choroiditis See Metastatic Endo 
phthalraitis (p 341) and Panophthalmitis (p 457) 
Degenerative Changes may be post-inflammatory or primary 
The former, culminating in localised spots of complete atrophy, 
have afreadf been considered Generalised atrophy, more or 
less complete, is found m the later stages of glaucoma The 
loss of nourishment to the retina causes atrophy of the outer 
layers and of the nerve fibre layer m these cases Degenerative 
changes m the choroid often cause migration of pigment from 
the pigment epitbdinm into the more superficial parts of the 
retina The pigment tends to become deposited m the pen 
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vascular lympt spaces of the veins, *0 that the retinal \ein3 
may be mapped out here and there by pigment More notice- 
able ophthalmoccopically are jet black, branched spots of pig 
ment, resembling bone corpuscles, and st'indmg out in sharp 
rehef This condition is seen m ita most typical form in 
“ retimtis ” pigmentosa, which is m reality due to primary 
choroidal atophy An almost identical picture, though 
usually without the characteristic distn button of the pigmented 
spots, may result from choroidal atrophy due to other causes, 
e g , syphilis This migration of pigment mto the retina is 
shown to be due to interference with the choroidal circulation 
by the fact that it occurs after division of the short ciliary 
vessels m rabbits 

Primary choroidal degeneration may be localised or general 



Fio 193 — of colloid bod c« <eat«d upon the Dembrane of 
Bnicli They «ce undersoing calcificeUon sd sbovn by ibe deeper 
atainmg in the inner parts They are covered with itretchM pigment 
epithelial ceils 

the best example of the latter is so-called retinitis pigmentosa, 
which will therefore be considered here 

Localised choroidal atrophy, apart from the post mflamma 
tory forms is usually either central or circumpapillary 
Central Choroiditis, or more ptoperly central c/ioroidalalrofihg, 
IS most commonly the result of myopia (y v ), syphilis, con 
tusion (Chap XXI ) or old age 

Senile central chorojdal atrophy nnsumes two chief forms In 
central gullate choroiditis (Taj s choroiditis) there are numerous 
minute yellowish white spots in the macular region (Plate X 
Fig 1) They may increase m numbers, but otherwi«e they 
remam stationary They are afways «roaiY, usuafi’y round, 
but the larger spots may have crenated edges, thus showing 
signs of fusion There may be indefinite signs of greyish 
pigmentation of the edges of the spots, due to the fact that the 
pigment epithelium is stretched over them (Fig 193) The 
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condition is biiatetal Thej have been mistaken for diabetic 
or albuminuric retimtis (g t ) and retimtia punctata albescens 
(g 1 - ) Thcj are easilv distinguished from the former, in irhich 
the spots are much brighter and more glistening, and are often 
arranged in the form of a fan or star , and from the latter, m 
winch the spots are not limited to the macular region and are 
much whiter In neither case is there any obvious disturbance 
of pigment Ocntral guttate choroiditis causes per sc JittJe 
impairment of ^ ision, but other senile changes are often present 
and account for defective sight The spots are due to peculiar 
bjahne excrescences on the surface of the choroid commonly 
known as coUoni bodies (Vig IdS) Tbeyorcof thesaraenature 
as Bnich’s membrane and like it are secreted by the pigmented 
epithelial cells 

Cenlrnl areolar cliorotdal atrophtj — to he carefully distm 
guishcd from rorstcr’e areolar choroiditis (vide p 338)— 
appears as a hrge circular or o^tiI patch of degeneration in the 
maculir region m which the choroidal vessels arc visible, 
owing to atrophy of the retinal pigment epithehum (Phte X 
Fig 2) As a rc-jult of atrophy of tlie clioroid the sclerotic 
shmes through and the patch is white though traiersed by 
choroidal vessels Only the larger choroidal vessels ore seen 
the smaller ones having disappeared and even the large ones 
appear smaller than usual owing to dcgincrvtion of the walls 
There is nn abrohite cenlrd scotoma The condition is to be 
feared in ca«c3 of cataract in which perception of light seems 
defective hence the great importance of investigating the 
fundus thoroughlj in ca^es of immature cataract It is po^Slble 
tliafc this form of central choroidal atrophy is duo to extra vasa 
tion of exudates 

Besides these conditions and much commoner, minute 
changes limited to the area at and immediately around the 
fovea centralis occur not infrequently in old people and lead 
to grave disturbance or abolition of central vision (central senile 
imcular degeneraiion) It is generally necc'^arj to dilate the 
pupil with cocame or bomatropinc m order that thej may 
be seem care beinjr taken to instil esenne when the examination 
13 finished (tide p 310) Wiiea central vision is very poor in 
an elderly patient and no cause can be found to account for the 
defect, such as error of refraction, tobacco amblyopia, cataract, 
glancoma Ac , pathological changes will probably be found 
at the macula In the early stage the fovea is surrounded by 
a nng of very fine pigment spots The stippling is more 
sharplv defined on the foveal side, which usually has a circular 
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or crenated edge , it diminishes rapidly penpherallj’, where the 
{undus becomes normal The lovea gradually becomes paler 
in colour and the stippling denser, the change Ijeing associated 
with mcreasmg failure of vision, until eventually the small 
central scotoma becomes absolute The progress is usually 
slow Both eyes are affected, but one is usually attacked 
before the other, and many months may mtervene It is 
generally attributed on slender evidence to septic absorption , 
and by others to prolonged action of ultra violet light 

Sometimes a round white or yellowish patch, about the sire 
of the disc 13 seen at the macula and may be bilateral The 
patient is usually old with obvious disease of the retinal vessels 
Some of these patches undoubtedlv follow hiemorrhages 

Treatment The treatment of these degenerative changes 
IS % ery unsatisfactory \Vhen central senile changes are seen 
early the treatment of any source of sepsis, eg, pjorrhcca 
ah eolans should be carried out Strychnine, thyroid cvtnct 
and general tonic treatment is usually applied, but inthout 
much success Smoking should be probibited (ndc p 375) 
The patient s mind may be rebcvcd to the extent that the rtst 
of the field of nsion is not likely to become affected, so that, 
although unable to read or do fine work, he can get about 
freely In the early stages reading is facditated by the use of 
a black mask m contact with the paper and exposing only one 
line of print , or by the use of a magnifying glass, especially 
a “ reading crystal, ’ t e , a piano convex lens in contact with 
the paper 

Circumpapillaiy Choroidal Atrophy is found in myopia (7 v ) 
and m late stages of glaucoma 

“Retinitis ” pigmentosa is an extremely chronic, progressu e 
degeneration of the choroid and outer layers of the retina in 
both eyes heginnmg m childhood and often resulting 111 
blindness m middle or advanced life The chonocapiiJans 
suffers first so that the nutrition of the outer h) ers of the 
retma fails early The degeneration commences m a zone 
near the equator of the eye, and gradually spreads both 
anteriorly and postenorly Ihe macular region is not affected 
until %ery late m the disease The condition is bilateral 
The pecuLar site of origm has been attnbuted to the relati\el\ 
weak choroidal circulation in this zone, which is the mcetmg 
place of the short cihaiy and the recurrent cdiary arteries 
(vide p 13) 

The symptoms of the disease are very characteristic, the 
most pro min ent being defective vision m the dusk {mght blmd 
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Dess) (inrfe p 412) This symptom maj he present several 
years before pigment is nsible in the retina Vision under 
low illumination is carried on essentially by the rods {vide 
P 68) and night blindness is a sign of defective nutrition of 
these structures, which from their situation suffer first in 
disease of the choroid 

Examination of the vision may show perfect central visual 
acuity Investigation of the field of vTsion, seldom satis 
factory m children but more reliable in young adults, shows 
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concentric contraction of the fields, specially marhed if the 
lUummation is reduced In early cases a partial or complete 
annular or ting scotoma is found (Fig 196) corresponding 
to the degenerated zone of retuui As the case progresses the 
field becomes contmuafly sfowfy smaffer, until at fast it is 
reduced to a small area round the fixation point Central 
vision may even now be normal but the patients are quite 
incapacitated from gettmgabout, for they are in much thesame 
condition as a person looking down two long cylinders — they 
see only the tmng they are actually looking at and nothing 
around They therefore grope about helplessly Loss of 
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central vision does not nsually occur until fifty or eivty j cars 
of age, but vision may be lost earlier through cataractous 
changes occurrmg in the centre of the posterior cortex of the 
lens 

Ophthalmoscopic examination shows also a very charac 
teristic picture (Plate XI ) In the zone affected the retina is 
studded with small ]et black, spots, resembhng bone corpuscles 
or spiders The retinal ^eins, never the artenes, often have 
a sheath of pigment for part of their course (tide p M4 , 
Plate XI , Fig 2) As the pigment from the retinal pigment 
epithelium migrates into the superficial layers the epithelium 
Itself becomes decolorised, so that the choroidal vessels are 
now visible and the fundus appears tesselated The pigment 
spots which lie near the retinal vessels are seen to be anterior 
to them, so that they hide the course of the vessels There 
is no question therefore, as to their exact position in the retina 
itself In this, respect they differ from the pigment around 
spots of choroidal atrophy {inde p 336) m which the retina! 
vessels can bo traced over the spots The number of pigment 
spots differs, much m indmdinl cases and they are often very 
scanty m the early stages. 

In the earliest stages it can be proved tint it is a zone of 
the retma which is affected and not the iuo»t anterior part, 
for normal retina ma} be seen at tbe peripheral limits of the 
ophthalmoscopic field In the hter stages thia area dnmrushes 
pan passu with extension o! the disease towards the centre 

The retinal blood vessels, both arteries and veins, become 
extremely attenuated and thread like 

As the pigmentation increases and the retina b(.comcs 
more and more atrophic the ganglion cells are destroyed, thu‘« 
leadmg to degeneration of their axis cylinders, viz , the fibres 
m the nerve fibre layer of the retina and the fibres in tbe optic 
nerve Optic atrophy, therefore, sets m and gradually 
mcreases The disc e jiibits the charactenstics of pnmarj 
optic atrophy {vide p 397), but is not quite typical of thu* 
condition The disc is pale, but seldom more than yellowish 
white, like wax there is no excess of fibrous tissue, but the 
vessels are very smaU and thread like 

In the later stages the nutntion of the lens suffers The 
complicated cataract which is formed is a very typical form of 
progressive posterior cortical cataract, going on to complete 
opacification of the cortex 

Only a few late cases have been examined microscopically 
In all it has been found that the choroidal vessels show very 
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extensive endo\a‘!cular degeneration The same applies to 
the xetinal vessels, bat probably these are less afiected in the 
early stages 

The cause ol retinitis pigmentosa is unknown Several 
members of the same family are often affected, consanguinity 
of the parents is not infrequent, and the disease may affect 
several generations Nettlwhip found heredity without 
consanguinity in 23 per cent , consanguinity without heredity 
m 23 per cent , and heredity combined with consangumity in 
3 to 4 per cent The patients or other members of the family 
are found not infrequently to suffer from insamty epilepsy, 
or other signs of mental debility About one third of the 
patients are deaf, and 4 per cent of deaf mutes have retinitis 
pigmentosa (Nettleship) Evidences of cerebral d sease or of 
congenital anomabts in the eyes or other parts of the body 
(harelip, Ac ) may be present it may also be associated with 
obesity, hypogenitalism, mental defect and polydactylj 
(Laurence Jlooti Biedl Syndrome) Congenital syphilis ma} 
produce similar results, though these cases are seldom quite 
typical {vi(h p 344) 

In syphilitic choroido retinitis exactly the same ophthal 
moscopic appearances associated with night blindness may 
occur and may be present m both eyes These cases ate rate 
and can be distinguished by the later onset of night blindness 
and the absence of the disease in other members of the family 
Much more commonly in syphilis the patches are limited to 
certain areas of one or both retinae The prognosis is better m 
the syphilitic cases, since they may become stotionary It is 
best to restrict the terra ‘‘retinitis pigmentosa ” to the verj 
typical congenital and familial disease 

Pathology The opportunity to examine microscopically eyes 
with retimtis pigmentosa seldom occurs In the cases on record 
the retina, especially their outer layers are very atrophic and 
contam ma'^ses of pigment which have migrated from the pigment 
epithelium The choriocapillane of the choroid is absent under 
the affected areas there is some doubt as to degenerative changes 
m tde ihrgcr cdotoidhi' vesaeih, wdicd Eoraertmes appear to de 
little changed It has been proved experimentally on rabbits 
that section of short posterior ciliary arteries is followed by 
pigmentary degeneration of the retina quite similar to retmitis 
pigmentosa, m the areas lying over the parts of choroid supphed 
by these vessels This is strong evidence in favour of the view 
that the disease is primarily due to interference with the choroidal 
circulation Treacher CoUms however has advanced the theory 
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that the disease is due to abiotrophr of the neuro epifhehnm 
analogous to abiotrophy (Gowers) of the central nervous irvlem 
— a term which explains nothing 

Treatment is eminently unsatisfactory, since nothing 
appears to ha-ve a decided influence upon the course of the 
disease Trephining at the corneo sclenl margin Ins been 
followed by temporary improvement (Mayou), probably bj 
improving the mtraocular circulation Lxtraction of the 
lens may be followed by some improvement in vision but 
should not be done until a late stage is reached Attention 
should be paid to the general nutntion since it has been prov ed 
that defective formation of visual purple, and consequent 
mght-blmduess may follow a diet poor m vitamin A , hence 
cod liver oil halibut oil or carotene m oil should be gn en 
Attempts to improv e the circulation by vasodilator’, e g , 
acetyl^olme and byremovalofthesupenorcervicalgaiigbon 
have proi ed useless 

pig)nentosa stne pigmento is a variety of the dj«efl*e 
with the same symptoms but without visible pimicntation 
of the retina It is almost certainly only the early <!tngc of 
the ordinary disease (Ivettleship) It is progressive and leads 
to optic atrophy therein differing from congenital mghl 
blindness, which is a rare hereditary disease without ophthalmo* 
scoptc signs remaining stationary throughout life 

Allied to these conditions is rctimtis pmtctafo olhescciU 
m which with the same history and symptoms, the retina 
shows himdreds of small white dots distributed fairly uni 
formly over the whole fundus The condition is almost 
certainly an atypical variety of retinitis pigmentosa, and may 
occur m a familv affected with this disease It differs in the 
important fact that it is almost if not qmte non progressivci 
but one case is on record in which the white spots disappeared 
and typical pigment spots developed (Kettleship) 

Detachment of the Choroid The choroid is often found 
detached from the sclerotic in eyes which have been lost bj 
plastic iridocyclitis, glaucoma, Ac Detachment ma\ also 
occur irom severe hremorthage or new growth These cases 
carmot be diagnosed clinically Fuchs has «ibown that the 
condition is not uncommon after mdectomv for glaucoma and 
cataract extraction, and attnbutes it to sbght separation of 
the ciliary body, so that the aqueous percolates from the 
anterior chamber into the snprachoroidal space It occurs 
durmg the first days after the operation The anterior 
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chamber is shallow or abolished, and on ophthalmoscopic 
examination the detached choroid is seen as a dark mass 
behind the lens It may be \'isible as a dark brown mass by 
oblique illumination. Detachment of the choroid occurs not 
infrequently after trephining for glaucoma. The prognosis is 
usually good, the choroid becoming replaced and the anterior 
chamber re-estahlished. 

Sarcoma of the Choroid. See p. 418 

Primary Atfections of the Retina 

Primary Retinitis, m its most severe manifestations, is 
almost always the result of some general disease, and should, 
therefore, be properly regarded as a symptomatic disease. The 
metabolic changes in the retina are so rapid that it seems almost 
immune from fatigue m the proper sense of the word , hence 
retinal fatigue plays little or no part in causing asthenopia 
{vide p. 628) It is probable that slight inflammation of the 
retina may be caused by overuse or misuse of the eyes, but 
though some of the symptoms may be ascribed to it, oph- 
thalmoscopic signs are wanting or so little marked aa to be 
ambiguous. Thus, hypermnta of tbe retina is often described, 
but can never be dia^osed with certainty m tbe absence of 
definite pathological signs in tbe retinal vessels {vide tn/ra) 

Retmitis in general gives nse to tbe following symptoms 
and signs, only some of which need be present m mdividnal 
cases. There is usually some change m nsual acuity. Barely 
it is increased m the early stages , more commonly it is dimi- 
nished throughout There may be concentnc dimmution of the 
field of vision, or scotomata may be present corresponding with 
the areas specially affected. There may be metaraorphopsia, 
micropsia, or maciopsia {vide p. S'!?) The light sense is 
diminished, and photophobia may be present. Pam is almost 
invariably absent, though discomfort may be expenencwl. 

The ophthalmoscopic signs may be diffuse or localised 
There may be general cederaa, manifesting itself as a faint, 
diffuse haze, obscuring details, so that the normal bnght red 
appearance is replaced by a paler cloudiness, often with 
u'eum'te white streaks, cspeciahy afong the course of the 
vessels ; or there may be circumsenbed areas of exudation. 
The latter appear as white spots, discrete or confluent, or 
yellowish plaques, varying in size They are not pigmented 
and the edges are ill-defined, so that there is Httlc danger of 
mistakiDg them for patches of choroidal atrophy. The blood 
vessels usually show marked changes. The veins are 
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distended often irregular, darker than normal, and tortuous , 
the artenes are less altered, but the finer branches are also 
tortuous Haemorrhages are common, though the^ are not in 
themselves evndence of pnmaiy retimtis "VVTien occumng la 
thesuperfieiallayerstheyarefiame shaped withfeather) edges,. 
situated particularly along the course of the vesseL , when m 
the deeper layers they are round, with better-defined contours 
The optic nerve, being in anatomical and physiological 
contmmty with the retina, often suffers with it , when this 
occurs to a marked ettent the condition is called newro 
relinUis The margin of the disc is then obscured and often 
shows a radial striation The disc is red, and may he meosur 
ably swollen, though seldom, if e\er, so much as in the condi 
tion known as choked disc 

Retinal atrophy, which follows severe letimtis, is shown 
by permanent whitish or yellow opacity, with diminution 
in the size of the \essel3, which are often bordered by white 
lines The optic disc may show all the signs of advanced 
atrophy («d« p S9S) 

It has already been pointed out that letimtis is most fre- 
quently the symptom of an mtema! disease It is therefore 
usually bilateral The diseases most commonly causing the 
condition ace syphilis, vascular disease, nephritis, diabetes, 
and leucssmia 

The lrealm<ni of cetuutia consists in givmg the eyes complete 
rest and m combatmg the general disease which is the cause 
All near work is forbidden and the eyes are protected with 
smoked glass, or even confinement in a darkened room 
^Vhether due to syphilis or not, mercury and iodides are given 
with a view to aiding the absorption of exudates and restoring 
the transparency of the vitreous if this is affected ilercury 
IS contra mdicated m renal retinitis These means are supple- 
mented by purgatives, diaphoretics, and tonics 
The blood vessels of the retina are pecuLarly subject to 
disease in retinitis, partly as a factor in the inflammation, but 
more prommently as a concomitant of general disturbance 
or disease It will be well, therefore, to discuss the commoner 
forms of vascular disease of the retina before passing on to 
describe the chief types of retinitis m greater detail 

Vascular Disorders of the Retina 
Anamia may be part of general anaemia or due to local 
causes It may be sudden or alow in onset Sudden anaiima 
13 seen m embolism of the central artery of the letma (j v ) 
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and in qmnine amblyopia (?.«.). Ophtbalmoscopically tbere 
is great attenuation of the rcUnal vessels and the optic disc 
is pale. Spasmodic constriction of the retinal arteries has been 
described in migraine (vide p. 411), but it is doubtful if it 
jccuis. I have seen one case of spasm of the retinal arteries 
in one eye, giving rise to the symptoms of embolism of the 
retinal arteries ; it passed off daring the actual ophthal- 
moscopic examination. The retinal vessels constrict under 
high o^gen concentration in the blood, and dilate in anox®mia. 
Ancemia of slou* onset is seen in atrophy of the retina from 



I'to. Ill" — “ Copper-wiTB " arteries, degeneration of the anUa of a vein, 
and white spots of degeneration. 

any caose, such as pretdous retinitis, and in disease of the 
vessel walls as part of a general vasculitis. In both cases the 
vessels are attenuated, and sometimes in the former, and 
commonly in the latter, the walls become thickened and 
visible as white lines burdering the red blood stream; 
eventually the vessels may be transformed into white strands 
or may even disappear. 

Embolism of the Central Artery of the Retina causw sudden 
andcompleteretinalauflemia. The retina in rabbits dies within 
half an hour after complete blockage of the central artery, 
but probably survives longer in man. The eye, usually the left, 
becomes suddenly quite blind. Examination of the fundns 
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reveals a very typical picture (Plate XII., Fi”. 1). The larger 
arteries are reduced to threads, the smaller are invisible. 
The veins are little altered except on the disc, where they arc 
contracted. Withm a lew hours the retina loses its trans- 
parency, becoming opaque milky-white, especially in the 
neighbourhood of the and macula. Owing to the opacity 
of the retina the outlines of the disc, which is abnormally pale, 
are obscured. At the fovea centralis, where the retina is ex* 



Fig lOS — I^nToscitlar changes la the retuial Teseck. 


tremely thin, the red reflex from the choroid b visible. It 
appears as a round “ cherry-red ’’ spot, presenting a strong 
contrast to the cloudy white background. The peculiar tint 
of the spot b due to this contrast. In the majority of cases 
there is no hemorrhage, as was once thought, though ha’mor- 
rhaya here and in the immediate neigjjbouihood do occur 
rarely. The contrast sometimes brings into relief minute blood 
vesseb near the macnla which are otherwbe in\TsibIe. 

Sometimes the obstruction to the blood flow b not complete, 
or the flow may be partially restot«l in the course of a few days. 
Another peculiar phenomenon may be obseived or may be 
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induced by gentle pressure upon the globe bi some of the 
vessels, usual!) veins, the column of blood 13 broken up into 
red beads separated by clear interspaces The beads move in a 
jerky fashion through the vessels, sometimes m the normal 
direction of blood flow, sometimes in the opposite direction. 
If the vems are easily emptied of blood or artenal pulsation is 



Tlie Tfin IS coneenincsHfnanwneil by thickening oi its naUs 
not by eodotheLal pn>)ifention 

produced by slight pressure on the eye ball, it is evidence of 
incomplete blockage 

The retinal cedema, or possibly coagulation necrosis, takes 
several weeks to clear up The membrane regains its trans- 
parency, but IS completely atrophic The vessels are contracted 
nr redufad tn w2>^te tbieadis The disn xb atj-opbjc Ji tifje 
have been ha;morrhagea spots of degeneration replace them, 
and cholesterm crystals and pigmented spots may be seen in 
the papillo macular region 

In some ca'ses a certain degree of central vision persists in 
spite of apparent complete occlusion of the central artery It 
13 due to the presence of abo retinal arteries (vid'e p 125 ), 
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which, when present always supply the macular region, and 
naturally escape occlusion , or to a macular branch of the 
central artery gn en oS pro-nmal to the block The remainder 
of the field of vision is lost In rare cases a ciho retmal arter} 
alone becomes blocked 

After the first stage, m which the artenes are threadlike 
from sudden partial or complete arrest of blood flow, the 
vessels refill shghtly, showmg a small stream in more or less 
normal artenes This is due to estabhshment of a feeble col 
lateral circulation through the anastomoses with the ciliary 



Fio 200 — Retmal Tcin with eaormoaaly thickened wall and narrow- 
lumen (Coata) The penTasculsr lymph space it dilated 

system round the disc {vMfep II) At a later stage the vessel 
walls become thickened that the thin red line is bordered 
by vhite Imes, the last stage of threadlike sclerosed artenes 
The final stage of complete obstruction of the central artery 
shows a pale atrophic disc due to degeneration of the nerve 
cbi thA gjid. disajp^Atance of the capiUaruta. of the 
nerve head threadlike retmal artenes containing blood only 
on and near the disc, and la^r veins contaimng blood the 
rest of the fundus is of normal colour and appearance Unusual 
freedom of collateral circulation may account for the consider 
able recovery of vision which occurs m rare instances, almost 
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invariably limited to the tranporal field In rare cases, too, 
visible anastomoses have been seen on and at the edge of the 
disc 

It might be thought that the intraocular pressure would 
force the blood out of the veins , but there is normally some 
obstruction to the outflow at the lamma cnbrosa, where the 
venous pressure is lowest Tins is «hown by the occurrence of 
venous pulsation {tide p 126) The blood is dammed 
back by the constriction of the elastic fibres of the lamma 
cnbrosa 

In other cases the embolus is arrested in a branch of the central 
artery The area supplied by this branch is then affected alone 
In the early stages the corresponding scotoma is usually some 
what mdefimte but later it settles down to a permanent sector 
shaped defect 

\\Tien perception of light is lost the pupil is large and the 
direct reaction to light fails The intraocular tension is normal, 
as might be anticipated 

There is occasionally the history of prodromal attacks of 
temporary obscuration of vision Some are due to local 
arterial msease associated with temporary diminished blood 
pressure, and arterial spasm may play a part 

Embolism of the central artery, like cerebral embolism, 
occurs with mitral stenosis, especially if there has been fresh 
endocarditis This factor is, however, very frequently absent, 
and it IS probable that most cases are really due to thrombosis 
There has been endartentis due to general arteriosclerosis from 
nephritis ilc , and the already narrowed lumen of the vessels 
has become suddenly occluded The onset may be less rapid 
in such cases and preceded by premonitory symptoms, such a*? 
obscuration of vision, Sec Other cases render it probable that 
the condition may be due simply to spasm of the walls of the 
artery, thus accounting for some remarkable cures In others 
it may be that an embolus has been forced on into a smaller, 
more penpheral branch 

The condition has been observed at ages varying from fifteen 
to eighty Bare cases of simultaneous bilateral blockmg of the 
central arteries have been recorded 

The blockage, whether due to embolus or thrombosis, is 
nearly always at the lamma cnbrosa where the vessels 
normally become slightly narrowed (Fig 199) The retina 
undergoes atrophy of the nerve fibre and ganglion cell layers, 
with preservation of the outer layers, which receive their 
nourishment from the chono capillans of the choroid 
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Treal/netU is seldom of any avail, but attempts should be 
made to dnve the obstruction on into a less important branch if 
the case is seen early. Massage of the globe, and paracentesis 
have been emplo} ed. for this purpose , such measures most be 
adopted mthout delay Inhalation of am}liutnte is useless — 
as might be expected — smee it lowers the general blood pres 
sure and leads to passive constriction of the intraocnlir 
vessels A defimte case of cure of embobsm of a branch of 
the central artery by the subconjunctival mjection of acetyl 
cbolme baa been reported (Orr and Young) 8 minims 
(B D H ) should be mjected into Tenon’s caps^e and behind 
the equator The drug causes great dilatation of both arteries 
and veins m the retina, the embolus bemg dnven on into a 
smaller and more penpberal branch 

Amaurotic Family Idiocy (Syn — Tay Sachs Disease) shows 
ophthalmoscopic signs resembling those of embolism of the 
central artery but of quite different origin The disease occurs 
almost if not quite invariably m Jewish children, and commeuces 
during the first year of life Several members of a family maj be 
affected The apparently healthy child becomes gradually blind, 
with muscular weakness and ivasting, and mental apathr passing 
into idiocy Death follows in from one to two years The opthal 
moscopic picture is very characteristic and the same in every 
case There is a round brilliantly white area at the macnla 
fading off peripherally into the normal fandiiA In the centre of 
the patch is a browni'<b red circular spot at the fovea la the 
later stages there is optic atrophy It is always bilateral 
The disease is a primary lipoid neuronic degeneration of 
the whole of the central nervous system, includmg the ganglion 
cells of the retina associated with profnse overgrowth of 
neorogba 

Maculo-cerebral Family Degeneration has some points of 
le'^mblance to amaurotic family idiocy, and Las been regarded as 
a delayed or jnvenile form of the disease but should be carefully 
distingmshed from it It is a familial disease, occurring m other 
than Jewish children, and commencing at a later age usually at 
about BIX or eight years It is relatively commoner in Sweden 
(Sjogren) Defective vision, with central scotoma, is accompanied 
by weak intellect, convulsions and «!pasticity Ophthalmoscopically 
the discs are pale and the vessels small At the macula there are 
yellowish grey spots and granular pigmentation, and there may 
be pigmentationinotherpartsof tberetina Theophtbalmoscopic 
picture vanes much m different cases Similar macular degenera 
tiou beginning between the age« of twelve and fourteen has been 
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seen as a familial disease mthoat cereliral deterioration {Slar- 
(jardCs Disease) 

Degenerative Changes in the Retinal Vessels, apart from 
their interest as a local manifestation of disease, are of the 
utmost importance in general prognosis They may be the 
first evidence of arteriosclerosis, and particularly of disease of 
the cerebral vessels, pointmg to the danger of cerebral htemor- 
rhage, and indicating lines of treatment which may prolong 
life Disease of the retinal vessels is almost invariably asso- 
ciated with disease of the cerebral vessels, but disease of the 
latter may be present when there are no ophthalmoscopic signs 
of disease ol the retinal vessels (Foster Moore) Undue tor- 



Fio 201~-Itetiaalv«lncros«edbyM>aner7(M&icusGuim) A In 
health, the underlying vein oimly traceable beneath the artery 
B In early stage of artenoeclerosis the veua eomewhat 
displaced in the (brection of the arlenal circnlation, and (te 
blood flow sh^htly obstructed C In advanced stage of 
artenosclerosu the vein greatly narrowed where crossed and 
distended on the peripheral side 

tuosity of the vessels is of no significance unless accompamed 
by other abnormalities, such as irregularity in the size and 
breadth of the arteries, so that stretches of the vessel are much 
constricted, alternating with normal or somewhat dilated por- 
tions These changes in the lumen, are due to endothelial pro- 
liferation in the intima Mmute miliary aneurysms are seen 
in rare cases The normal light reflex from the vessel walls is 
oiVinr mmnuvri\y ihigilit ihiacu'. espwuriiy’ iir oesseiV smmr 
distance from the disc {" copper-wire " arteries) (Fig. 197). 
Under normal conditions it le possible to see a vein through an 
artery at a point of crossing, in arteriosclerosis the artery 
loses Its translucency so that the vein is obscured Sloreover, 
the artery exerts an abnormal pressure on the veins so that the 
blood flow 18 obstructed , the vein seems therefore to stop at 
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the crossing and is more distended on the distal side than on the 
side towards the disc (Fig 201) Sometimes the lem appears 
to be pushed aside bj the crossmg artery , m severe cases the 
vein, whether crossmg above or below the artery, is diverted 
so that it crosses at right angles, the shortest possible route 
The veins may also exhibit a beaded appearance, with alternate 
constnctions and dilatations More pronounced changes make 
the walls of the vessels visible, so that the blood column, often ( 
narrowed, is bounded by white lines, the thickened fibrous 
walls (Fig 198) this may affect both artenes and veins, 
usually only individual vessels m a portion of their cour«e 
(Figs 197 198) 

The changes mdicated lead to mcreased permeability of the 
walls, and increased internal pressure, due to general d\<^se, 
supplements this defect, and causes imdue extravasation of 
lymph, and even hjemorrhage (Edema of the retina thus 
arises, manifesting itself as a greyish opacity around the di<c, 
or m spots along the course of the vessels Hffimorrhages occur 
as Imear striated extra\asations along the vesselo, or as round 
spots scattered over the fundus 

These changes occur most frequently in elderly people and 
are seldom entirely absent m the aged They are specially 
pronounced in cases of chrome nephritis, STOhilis, some forms 
of poisoning, especially by lead and probably by auto mton 
cation, notably that of mtestmal on^ They are frequently 
associated with high blood pressure, and always indicate the 
necessity for exhaustive examination of the circulatory and 
excretory systems On the other hand, the blood pressure may 
be normal, possibly owing to cardiac dilatation, and these 
cases are probably more subject to thrombosis (Foster Moore) 
The prognosis as regards life m retmal vascular disease is 
decidedly better than in cases of renal retmitis {q i ), though 
the patients may die suddenly from cerebral baimorrhage or 
thromlwsis Vascular changes arc more frequent in women 
than, men, though the former seem to be more tolerant of high 
blood pressure than the latter (Foster Moore) Thej may be 
very marked and extensive in quite yoimg people as the result 
of eongemtal syphilis , rarely as an bereditaiy condition with 
out syphilitic tamt Extensa e disease of the retinal -les'els, 
with mnch diimnntion in their cabbre, so mterferes with the 
nutrition of the retma that consecutive atrophy of the optic 
nerve not infrequently follows The ophthalmoscopic appear 
ances of the vessels and di«c then closely resemble those found 
m advanced cases of retmibs pigmentosa This condition maj 
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be accompanied by groups ol sharply defined small white spots 
in the retina and even a fan or star shaped figure at the macula 
(Foster Moore) (arlenosclerottc rdimln) It is frequently 
unilateral thus differing from renal retinitis 
Angioid Streaks Dark brown or pigmented streaks, which 
anastomose with each other and resemble blood vessels in distn 
bution, ate sometimes seen ophtbalmoscopically in retinas which 
are undergoing degenerative changes They differ in distribution 
from any normal set of vessels, are usually situated near the disc 
at a deeper level than the retina) vessels and are very irregular in 
contour Tbeyare often associated with elastic pseudozanthoma 
of the skin They may be due to proliferation of new vessels 
into scar tissues (W T Lister), or to pigmented fibrous bands in 
the inner layers of the choroid (Verhoeff) , but are probably due 
to changes in the elastic tissue of Bruch’s membrane 

Hypermmia may be artenal or venous Arterial hypetccmia, 
characterised by fulness and tortuosity of the artenes accom- 
panies not only infiammation of the retina, but also inflamma- 
tion of neighbouring structures especially the uveal tract 
Venous hypercemia charactensed by dilatation and great 
tortuosity of the veins, is the result of impeded return of blood 
to the heart It may be due to general venous congestion, 
seen m its moat extreme form m congenital malformation of 
the heart {cyanosis retvnco), or to local causes The latter 
most commonly affect the vems in the porus opticus, as is seen 
in moderate degree in glaucoma and optic neuritis, and m 
extreme form m thrombosis of the central vein of the retina 
Increased mtraorbital prc'^sure, as from a tumour may also 
impede the exit of blood from the eye The a eins are much 
enlarged and dark in colour in polycythtemia 
Haemorrhages from the retmal vessels may be pre-retinal or 
intra retinal Pre-retinal or subhyalotd hcemorrhages are extra 
vasations of blood between the retina and the vitreous They 
always occur in the neighbourhood of the macula, and are 
usually large They are round at first, but quicUy become 
hemispherical, the upper margin being straight , this is due 
to the effect of gravity (Plate Xni , Fig 1) Occasionally two 
such haimorrha^es majv be seen in the same e,ve Hetmal 
vessels are hidden from view in the affected area The upper 
layers become bghter in colour, generally attributed to the 
sinking of the red corpuscles The blood gradually becomes 
absorbed, usually m a patchy maimer, but finally disappears, 
though numerous cholestenn crystals may often be left as 
bright glistening spots Vision is restored, but recurrences are 
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not uncommon and other complications of vascular origin may 
modify the othermse favourable prognosis They are for 
example not uncommon in cases of subarachnoid hsemorrhaee 
(tnde p 607) 

Intra retmal haemorrhages as already mentioned are stnate 



Fra ”0“’ Thrombosis of » branch of the central retmal re n 


or flame shaped when situated in the ner\ e fibre laj er rounded 
or irretnilar when m the deeper layers or between the retina 
and choroid Intra retinal hsemorrhages are absorbed %ery 
slowly gradually becoming white rarely pigmented 

Retmal hiemorrhages are due to many causes Host fre- 
quently the vessel walls ate t eakened by general disease 
which may be a vascular degeneration due to age or to altered 
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composition of the blood as m pernicious aniEmifl, leucajnua, 
scurry, purpura, nephritis, diabetes, hj peremeais gravjdatura 
(uide p 592) &c Any of the causes leading to retmal byper- 
lemia may give rise, secondanJy, to hromorrhages They may 
be due to pressure durmg birth m new bom lohtnts, and are 
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and wounds, g\inshot wounds of the eye, and of the orbit 
without direct injury tothe eye, is another cause, and is often 
responsible for very extensive extrava'^ations of blood, which 
may bur«t through into the vitreous To this category belong 
the post-operative haemorrhages ^\^len the globe is opened in 
performing cataract extraction, or, still more iridectomy for 
glaucoma, the normal or raised intraocular tension is suddenly 
reduced to zero The intraocular vessels then dilate, and great 
stram is thrown upon their walls If these are diseased, there 
is much danger of their ruptunng Considenng the age and 
condition of these patients, it is surpnsmg that hsmoirhage 
18 not more frequent 

Minute haemorrhages, unless in the macular region maj 
cause little obscuration of vision Subhyaloid haemorrhage 
usually abolishes central vision temporarily it takes some 
weeks to clear up, the length of time varjnng with the size of 
the extravasation The smaller spots may remain unaltered 
for months though this is only apparent m some cases old 
spots clearing up and being replaced by new ones Thev 
may be absorbed without leaving any trace 

Venous Thrombosis may affect the central vein of the retina 
(Plate , Fig 2) or one of its branches (Fig 203} In the 
former case the obstruction is always just behind the lamina 
cnbrosa (Fig 203) All the veins of the retina become 
enormously engorged with blood, and extremelv tortuous 
Blood escapes from the capillanes at innumerable spots, so 
that the retina is covered with bamorrhages Sight is much 
unpaired, though not so rapidly as in obstruction of the 
central arteiy, but recurrent extravasations finally destroy 
it entuely in the early stages there is constriction of the 
field of vision and usuaUy a central scotoma IVben a 
single branch is blocked the oedema and haemorrhages are 
limited to the area supplied by the vcm, the block is 
usually at a bifiucation or where a sclerosed artery crosses 
the vem In these cases the defect in vi'uon is not sectonal, as 
m the case of a branch of the artery , it is worse if the temporal 
branches are mvolved, and unfortunately it is the supenor tern 
poral vem which is most often blocked The affected retina 
becomes atrophic, with fine pigmentarj changes Secondary 
glaucoma ensues m two to three months m a considerable 
number of the cases, probably ouing to the increased albu 
mmous constituents of the mtraocular lymph It does not 
occur when only a tributary is involv^ In many cases 
bunches of tortuous new vessels are formed upon the disc 
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(Fig 204) , in others a coUatctal circulation is effected by 
similar tortuous new vessels m the xetma Such vessels often 
project forwards into the vitreous, 
and may rupture, leading to 
extensive vitreous hmmorthages 
Vascular disease and hssmorrhages 
ate not infrequently present in 
the other eye, and bilateral 
thrombosis of the central vem 
sometimes occurs In all cases 
examined microscopically the 
vessel walls are diseased and 
show endothelial proliferation 
The lumen is constricted, and it 
is probable that this factor is as 
important in causing obstruction 
as actual thrombosis 

The patients are usually elderly, 
with cardiac or vascular disease, 
often induced by nephntis , the 
blood pressure is usually high, 
and there is often alburoinum 
often than men The obscuration of vision is almost always 
noticed on waking m the morning Probably the low blood 
pressure and sluggish flow during sleep allow thrombosis 
to occur in the vessel where it is constricted normally 
at the lamina cribro«ia and pathologically by endovascular 
changes Thrombosis may, however, be due to local causes, 
such as orbital cellulitis, following facial erpipelas, i.c It 
occasionally occurs m young people foUowmg a febnie attack, 
and is then probably duo to an infective phlebitis The other 
eye usuallyshoivs vascular disease andoften small haemorrhages 
in the periphery of the retina Bilateral thrombosis is rare 

TreatTnetit No treatment is of avail m cases of complete 
occlusion Cases of improvement in partial thrombosis by 

intravenousinjectionsofheparinhave been published Atropine 
should be avoided, as tending to induce glaucoma Local 
treatment is indicated only if the eye becomes painful, when 
it should ho removed The condition is to be regarded as a 
danger signal, and constitutional investigation^and treatment 
should be carried out assiduously 

Special Forms of Retinitis 

Syphilitic Retinitis Syphilis is one of the commonest causes 
ofretimtiSjbutitis usuallya secondary retinitis, accompanymg 



Fro 204 — formed rcswla. 
(Feeler Moore ) 

Women ate affected more 
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disease of tte choroid It, howe\er, occurs as a pnmary 
retmitis also, and in this form syphilitic endartentis is a pro- 
minent sign There are dust like opicities m the %ntreous 
especially in the posterior part , the retina is cloudy, par 
ticularly m the neighbourhood of the disc, which may be 
hypenemie ^^Tute spots may be seen m the macular region, 
and yellowish or white spots, often bounded by pigment, at 
the penphery of the fundus The vessels may be degenerated 
{vide p 359), with whitish exudations along their course , 
hsemorrhages are rare 

Every transition is seen to a condition much re‘»embling 
choroido retmitis pigmentosa (tide p 347), but seldom showing 
such a charactenstic distnbutioa of the pigment 

The subjective symptoms ate defecti\ e central vision, night- 
blindness, irregular and concentric contraction of the field 
with or without central, paracentral, or ring scotomata, and 
metamorphopaia 

In most cases the amount of organisation which takes place 
at the sites of the inflammatory deposits of syphilitic retmitis 
13 very small but m some cases there is a well marked tendency 
to the formation of new blood vessels These may not be 
limited to the retina itself, but may extend into the vitreous, 
formmg convoluted coils They are held together by a mmi 
mum of delicate connective tissue (c/ Retmitis proUferans) 
They ate commonest on or near the disc 

In acquired syphilis the disease usually occurs one to two 
years after infection , usually both eyes are in^ohed, but not 
with simultaneous onset As a rare manifestation the macular 
area is alone afiected showing a grey or yellow deposit, or 
numerous small yellow spots and dots of pigment This form 
shows a great tendency to relapse 

Betimtis is not uncommon in congenital syphilis Such 
patients often show a dusty or peppery discrete pigmentation 
of the retma at the penphery, associated with a tigroid con 
dition of the fundus m this situation It is only distinguishable 
from what is often seen as a normal condition by the greater 
aggregation of the pigment There may be thickly strewn 
black and white spots, like a mixture of pepper and salt In 
more definite forms there are yellowish red and black spots 
at the penphery (anterior retmitis) a condition often seen in 
interstitial keratitis (tide p 237) or larger grey or white patches 
may he seen, or the condition obsera ed in the acquired form 
may be fully de% eloped 

If the diagnosis is doubtful the Wassermann test should be 
applied, 
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Trealmenl A prolonged couree of anti syphilitic treatment 
IS indicated Dark glasses dioold be worn, and the eyes rested 

Renal Neuro retinitis (Syns — Renal Retinopathy, Albu 
intnunc RelinUts) in its most typical form, presents an ophthal 
moscopjo picture which is almost pathognomonic, being 
simiilatwl onl^ in some cases of intracranial tumour (Plate 
XIV ) In addition to the general signs of retinitis — ^Imzincss 
of the retina and disc hypermmia and brnmoirb'iges — the 
distinguislnng feature is tlie presence of brilliant white spots 
and patclics in the retina The earlier deposits are cloudy, 
with soft edges (‘ cottonwool' patches), the later brighter 
more sharply defined and punctate The disc is surrounded 
by large white patches or by a contumous ‘ snow bank 
Around the macula arc smaller dots or round patches, also 
silvery wlute Radiating from the fovea are g nokea-of-aidiitc 
dots or fine linos formuig a star shaped figure which is ex 
tremely characteristic The fovea itself escapes and the star 
13 often incomplete m some direction The vessels generally 
show vcr> definite degenerative changes (iide p 3S9) In 
some cases, especially in the albuminuric rctmitis of preg 
nancy, a flat detachment of the retina occurs almost certainly 
due to the retina being raised from the choroid by exudates 
The detachment is usually bilateral and invoH os the lower part 
of the fundus Unlike most detachments of the retina these 
frequently disappear, the exudates being absorbed 
Renal rctimtis by no means always displays the typical 
picture Often there is a neuro retinitis which exhibits no 
characteristic features specially associated with nephritis 
Jn these cases there is moderate swelling of the disc — 
seldom so much as in the choked disc of intracranial disease — 
more or less vridesprcad cedemaand hiemorrhages Irregularly 
scattered bright white spots and patches may be present or 
wanting The wine should be esamtned i« eiery case of relimtis 
Tlio wliito spots of renal rctmitis ore cliJefl> composed of 
exudates whicli art often fibrinous (Fig 205) later becoming 
hyaline Thej arc situated particularly in the outer reticular 
layer where largo vacuoles arc filled with fluid fibrinous 
.j.nigm’p, viv- A/imuv? .rcJircapJyu,’ flavor 

globular macrophages , tliej ma^ bo present m all the layers 
Tliere is some Icucocvtic infiltration and peculiar swollen 
nucleated structures — cvtoid bodies — are found in the nerve 
'fibre lajer they are probably varicose nerve fibres The 
exudates and necrotic retinal elements undergo fatty degenera 
tion The peculiar nTTangemcnt of the spots in the macula 
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13 aot due to any supposed radial distribution of lluUer's 
fibres in this situation, but to fluid which raises the 
internal limiting membrane and follou’s the radial course of the 
nerve fibres as they arch towards 
the disc Spread of the cedeiua 
to the loose reticular layer, which 
IS very well marked in this situa 
tion throws the retina into actual 
radial folds, the fo\ea itself re 
mainmg unchanged and as it 
were ' pegged down ’ The di«c 
shows the same changes as in 
papillcedema {q t ), but less 
marked The charges in the 
blood \essels are those common 
to vasculitis in other small 
vessels consistmg of endo and 
pen ia«culiti3 and byalme de 
generation of the walls 
There is no constant relation 
ship between the retinitis and 
the vascular disease The \es8els may be quite normal eg,ui 
some puerperal cases and in the rare cases occurring with acute 
nephritis In the cases with chrome interstitial n^hntis, i e , 
the great majonty, the vessels ore much diseased The retimtis 
IS, therefore not directly due to the vascular di'case, but 
probably to toxins circulating m the blood stream 

Renal retuutis occurs in about one third of cases of nephritis 
and may occur in all forms of nephritis including scarlatinal, 
puerperal and ‘ trench nephntis, but m b) far the greatest 
number of cases the disease is chrome interstitial nephritis 
and it 13 very rare in ordmaiy acute nephritis The last 
mentioned fact accounts for the small quantity or even total 
absence of albumin in the urme in some cases Though the 
degree of retimtis bears no fixed relationship to the nature 
or seventy of the renal mischief, yet in all cases its jiresence is 
of grave significance The retmal changes may be the first 
evidence of renal disease, hence the extreme importance of 
their discovery, which is accentuated by the fact that the 
majority of hospital patients die m from six months to two 
year«. Under more favourable conditions patients may survive 
five years or even longer The prognosis is equally graie in 
children The risk to life is much less m the scarlatmal and 
puerperal cases In the latter the prognosis is w orse the eaiber 



Fio 205 ~Benal retin tis 
Masses ot fibnnous exudate 
to tLe retioa 



ILATF XIV 



1- in S R<'nM n^iiro rH n t 


( To fo(t fi 3<iS 







lieirtcl mcnt of the rrtinii (dugramnsticl 




DISEASES Oh THE CHOUOID AND RETINA 369 

the onset of the retinitis, but fortunately it seldom commences 
before the sixth month of pr^nancy The artificial induction 
of abortion is indicated, and usiiauv has a prompt beneficial 
effect , vision, hov ever, is usually permanently impaired, the 
degree depending upon the duration of the retinitis The 
“cotton wool “ patches clear up first, the glistening macular 
spots more slowly Partial optic atrophy and slight retmal 
changes, such as white or pigmented spots at the macula, 
follow The disease does not always occur at the first preg- 
nancy , but may, after one attack, recur at subsequent preg 
nancies, though by no means always The patient should, 
however, be warned of the danger The retinal changes 
m puerperal cases are usually severe, and detachment of the 
retin'i occurs more frequently in these than in other eases 
If preguanej is not intemipted spontaneously or artificially 
deith (about 15 per cent or cases) or blindness (about 13 per 
cent ) occurs, and the child is usually born dead 

Diminution of visual acuity is commonly the only symptom 
complained of, and, as mentioned, may lead to the discovery 
of the renal disease Generally the histotj’ of severe headaches 
can be elicited, and the blood pressure is high, usually about 
200 mm Hg The condition is amoat always bilateral It very 
rarely causes complete blindness It occurs more often in men 
than m women, owing to the greater incidence of nephritis in 
men , in children it is commoner m girls than in hoys It is 
commonest between thirty and sixty years of age, especially 
in the last decade , but it is probably more frequently asso 
ciated with the parenchymatous nephritis of children, which is 
generally syphilitic, than has been hitherto thought (Nettle- 
ship) 

It 18 important to note that transient blindness may occur in 
the conrse of nephritis, especially associated with uiwmia In 
these cases the retina shows no abnormality, or at most changes 
which may occur independently of the disease This ummtc 
ainaurosts is distinguished m bemg sudden total blmdness 
whereas the defective vision of albuminuric neuro retmitis is 
slower in onset and never complete Sight usually returns in 
one or two days {vtde p 410) 

Diagnosis The typical picture of albummuric retimtia 
may be nearly simulated in some cases of increased intra- 
cranial pressure, particularly when due to cerebral tumours 
occurnng in children (vide p 388) It may occur without any 
definite signs of nephritis, and somewhat similar appearances 
are met with in diabetes and leacffimia Barely a star at 
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the macula with or without slight papilhtis, has been met 
with in young persons with ansemia or chlorosis, or without 
discoverable cause 

The treatment of these conditions is purely constitu 
tional 

Diabetic Retinitis Retinitis isa relatively rare complication 
of diabetes, occurs in the late stages, and m elderly people , 



FlO ‘’06 — Diabetic retinitis 


it 13 not improbable that it is frequently missed owing to the 
penpheral position of the lesions, opacities of the lens, Ac It 
13 generally, but not always, bilateral Irregularly scattered 
small, bnght white spots around the macular region are tbe 
commonest manifestation The ^nowy patches and stellate 
arrangement at the macula are usually absent, but it must 
be remembered that albummuna is a frequent concomitant 
of the late stages of diabetes, and all the characteristics of 
albummunc retinitis may occur The white spots may coalesce 




DISEASES OF THE CHOROID AND RETINA 371 

into hrger plaques vrith crenated edges, ^111011 indicate their 
mode of formation Punctate hxmorrhages are freely 
scattered over the fundus they are more often round and 
deeply seated than linear and superficial as m renal retinitis 
The vessels are often nonnal but a degree of vascular degenera- 
tion correlated vith the age of the patient is not uncommon 
it 13 noticeably less than m albuminuria retimtis The optic 
disc 13 generally normal aa well as the remamder of the 
retma 

The prognosis depends upon the seierity of the constitu 
tional condition , 60 per cent li\e more than two years Under 
inauhn treatment the retinitia ma> persist indefinitely, for this 
treatment appears to have no effect upon it 

Diabetic retinitis cannot be due to sugar, di acetic acid or 
acetone circulating in the blood, since it does not occur m 
children in whom these products of perverted metabolism 
are most markedly present The blood pressure is usually 
high, and the condition has been ascribed to the vascular 
degeneration (</ arteriosclerotic retmitis) and in these cases 
vitreous hajmorthnge mav occur 

Apeculiar feature sometimes met with m diabetes is bpceima 
It occurs especially m young patients with marked acidosis, 
and the prognosis is grav e The ophthalmoscopic lyipearances 
are then striking the retmal vessels containing fluid which 
looks like milk The arteries arc pale reddish, the veins 
having a slight violet tmt The general fundus has much 
the normal coloration Lip»mia responds rapidly to insulm 
treatment 

Hsmorrhagic Retinitis is a term loosely dpplied to those 
forms of retinitis accompanied by htemorrhages for hajmor 
rhages may occur as has already been seen m the absence of 
all signs ofmflammation of the retina 

Leucsmic Retmitis When retinitis occurs in the course of 
leuctemia the ophthalmoscopic appearances are characteristic 
The fundus is pale and orange-coloured The veins are 
dilated and tortuous often with white lines along them 
and arc bright red not dark the arteries are small and pale 
yellowish red Very typical are white spots and patches 
surrounded by a red iim they consist of leucocytes sur 
rounded by red corpuscles These are present only rarely 
and ate also found in penucious antemn They are most 
common in the periphery of the retma In some cases the 
ordinary picture of hsemorrhagic retmitis is seen In every 
doubtful case the blood should be examined 
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“ Retinitis Proliferans When hiemorrhage occurs mto the 
vitreous the blood clot la nsually almost completely absorbed 
This 13 probably due to the absence of fibroblasts in the 
vitreous and their scantiness in the retina, for the retinal 
connective tissue consists of neuroglia, an epiblastic structure 
which probably takes no part m fibrous tissue formation The 
only mesoblastic tissue m the retina is that fomung and sur* 
rounding the retinal blood vessels In some cases, however, 
blood clot may organise, giving rise to masses of fibrous 
tissue m the vitreous, vasculansed by newly formed blood 
vessels denved from the retinal system (Plate XIII , Fig 2) 
This condition is known as “ retuutis ptoliferans ” The tissue 
IS most commonly situated near the disc, and the vessels 
spring from this neighbourhood, probably owing to the fact 
that there is more mesoblastic tissue here than m other parts 
of the fundus 

There seems to be some special factor necessary to stimulate 
organisation, and it is found in some general diathesis In 
nearly all these cases there is either a bstory of syphilis or the 
patient is sufienng from nephritis, diabetes, or some other 
form of toxsemia, the ongm of which may be obscure, as in 
some cases of recunent bsemorrhege (vide p 330) 

The amount of fibrous tissue vanes from the most delicate 
strands and films supporting new formed blood vessels— 
specially common m syphilitic cases (ndc p 300)— to 
dense bands and membranes stretcbmg far forwards into 
the vitreous and hiding the fundus Most extensive pro 
liferations are met with in war injuries with rupture of both 
chooid and retma The bands are often attached to the 
retina at their apices, and as the fibrous tissue contracts after 
formation the retina may be pulled up and detached 

Vision 18 generally greatly impaired and often lost, usually 
from detadunent of the retina No treatment is of much 
avail, but hypodermic mjections of fibrolysm may be tried, 
combined with constitutional regime 

Retinitis Circinata Retinal hemorrhage may give n«c to 
vet another condition m rare cases, generally elderly women In 
retmitis circmata there is a girdle of bnght white patches with 
crenated borders around tbemacnla (Fig 207) The diameter of the 
girdle, which is usually an imperfect circle or ellip«e or horseshoe 
shaped, open towards the temporal aide, is generally considerably 
greater than a papilla diameter, and follows the larger macular 
branches of the superior andinfcnor temporal vessels The vessels 
pass over the spots The macula shows yellowish white areas, slight 
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pigmentation and often Esmonliages The patches develop 
elon ly and are asually Trell advanced before noticed The disease 
18 unilateral in about half the cases , exudative retinitis has bceu 
observed in the other eye (Coats) Central vision is much reduced, 
but the field remains full The patches sometimes disappear 



Fro 20T — R«tim(is cuvutat* (llolmes Spicer ) 

slowly and vision improves Mercury and iodides seem to afford 
the best chance of amelioratioo 

Exudative Retinitis (Sjfn — Massive Exudation in the 
Retina (Coats) ) resembles conglomerate tubercle in its ophthal 
moscopic signs There is usually a large raised yellowish white 
area or several smaller areas posterior to the vessels The vessels 
often show gross degenerative changes, and there is sometimes 
arterio venous communication, with enormous dilatation of the 
veins The patients are usuaUy boys, otherwise apparently 
healthy Detachment of the retina, cataract or glaucoma may 
occur in the late stages There is always evidence microscopically 
of hsmorrhage between the retina and choroid and m the deep 
layers of the retina ; the choroid is at first healthy 

Angiomatosis of the Retina (Syn — An^iOTnatosis Ratnca, von 
HijypJy -Landau,! os a rare iamilial disease winch generally becomes 
manifest in the third and fourth decades of life, more frequently 
in females than males In its later stages it resembles exudative 
retinitis in ophthalmoscopic appearance The cerebellum, 
medulla, spinal cord, kidneys and adrenals ore also affected with 
angiomatosis and cysts Ihe ocular lenons are often bilateral, 
slowly progressive, and may precede a fatal cerebellar lesion by 
ten to fifteen years The ophthalmoscopic appearances vary 
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(1) A laised pmlash yelloYy sweUing about 3 mm in diameter, 
situated betireen the equator and the ora serrata to and from 
which run a branch of the central artery and vein, both dilated 
to three or four times their normal calibre and very tortuous. 

(2) Multiple crimson glomemlos like tufts at the ends of tortuons 
artenoles, situated between the optic disc and the equator 

(3) A mulberry like sweUing containing small cysts on the du^ 
and adjacent retina Retinal and vitreous hsemorrhagcs and 



Fio 208 — Angiomatosis rrt ms (StallanL) 


retmal exudates occur later, and detachment of the retina leads to 
bbndness 

Treatment In the early- stages the insertion of a katholy is 
needle into the retmal lesion is effective m destroying it The 
area of coagnlation around the needle is 0 5 mm , and the number 
of perforations is assessed accotdmg to the sue of the mass 
Septic JietiJiitis (Hcih) Aj)art iioza endogenous retinitis 
(tide p 341) metastatic lelmitis may mamfest itself in the form 
of small round or oval white spots near the disc, often accompanied 
by haemorrhages This form occurs in puerperal and other ioima 
of septicaemia Usually both eves are affected 

Purulent Retmitis This is most commonly due to a septic 
perforatmg wound being then a precursor of panophthalmitis 
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(niep 457) Rarely it la a metastatic condition occumngm 
pyairaui, and probably Btartmg m a septic embolus In the 
early stages there is severe retinitis A\itfi haimorrhages Sup- 
puration rapid!} fo^o^v8, mvoUmg the >utreous, so that a 
yellovr reflex is obtained The comhtion often passes into 
panophthalmitis, hut less commonly than m casesof exogenous 
infection Pyogenic oiganisms are attenuated in the blood 
stream and tissues, so that the procees mar subside with the 
restoration of useful nsion (ttde p 341) 

Retinitis from Bright Light, which might be tenued photo- 
rdimUs, occurs after exposure of tbi* unprotected ejes to 
bright sunlight, as in looking at an eclipse of the sun with 
unprotected ejes (“eclipse blindness”) or the electnc light, 
as in the intense flash of the short-circmtmg of a strong 
current The lelatvi e parts played by the different rays of 
the spectrum are not fully understood Only a fc\i relatirdv 
innocuous ultra violet rays reach the retina On the other 
band, practically all the visible rays and many infra red rays 
pass unimpeded to the retina (tide p 22) hlucb of this 
radiation is absorbed by the pi^ent epithelium and it is 
probable that the pathological changes arc produced by the 
resultant heating effect It is, m fact, a bum of the retina 
The symptoms ate persistence of the after image, passing 
on later into a positive scotoma and mctamorphopsia 
Ophthalmoscopically there may be no signs at first, or a pale 
Spot IS seen at the fovea with o brownish red nng round it 
I^ter there arc usually deposits of pigment and small grey 
punctate spots around the fovea Prognosis must be guarded, 
since, though improvement often occurs some defect usually 
remains, and the scotoma may persist permanently 
The treatment is that of retinitis in general Smoked glasses 
should be used, or (Crookes’s glasses, 1 1 , such as cut off the 
ultra \ lolet rays 

Towc Amblyopia Tobacco, alcohol, quinine, filix mas, 
carbon disulphide, stramonium cannabis indica and other 
poisons somttimcs produce defectue vision, which is then 
Known as toxic amblyopia Tobacco and alcohol amblyopias, 
which are most frequently met with, are usually dc«cnbcd as 
forms of retrobulbar neuritis (yt), but experimental and 
pathological endence tends to show that the condition is 
primarily retinal jn the^e cases 
Tobacco amblyopia results from the excessn e use of tobacco, 
cither by smoking or chewing , and o1«o occasionally from the 
absorption of dust m tobacco lactones Smokers of shag and 
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strong tobacco mixtures suffer most In most cases there is 
also over mdulgence m alcohol It is known that alcohol 
alone may produce toxic amblyopia, and cases in which 
tobacco caused the disease m total abstamers from alcohol hare 
been published mdeed the visual loss m these ca';es is worse 
than in moderate drinkers The patients may ha%e smoked 
excessively for }ears with impunity, the attack coinciding 
with some mtercunent cause of debility, digestive disturbance, 
&c They are usually thirty five to fifty years of age 

The patient complains of increasmg fogginess of vision 
which is usually least marked in the evening and in a dull 
light. Central vision is greatly diminished The field of 
vision 18 fonnd to be full but there is a central colour scotoma 
for red and green This is usually small, horizontally oval 
between the fixation and blmd spots, but m rare cases may 
extend to the limits of the red field, or even be absolute 
In such cases the possibility of the presence of congenital 
colour blmdness should be borne in mind Both eyes are about 
equally affected Ophthalmoscopically there may be conges 
tive haze of the edges of the optic oisc followed by undue 
pallor of the temporal side of tne disc, but the changes are 
usually slight 

The coarse is chronic, and the prognosis is good if the 
toxic agents are discontmued absolutely The alcoholic cases 
in non smokers are Usually less severe and clear up rapidly 
Recurrence is very rarely seen Very rarely optic atrophy may 
result, but it is doubtful tf these are uncomphcated cases 

The disease is probably due to poisomng of the ganglion 
cells of the retina In experimental cases, and m one case 
exammed in man, the cells showed racuolation and breaking 
up of the Nissl granules This leads to degeneration of the 
nerve fibres, demonstrable only after they have obtained 
their medullary sheaths, * e , behmd the lamina cnbrosa 
The degeneration is found to be limited to the papillo- 
macular bimdle (vide p 76) The ganglion cells of the 
fovea and macular region are the most highly differentiated 
and are liable to suffer first and most severely in any toxic 
condition The degeneration is therefore a wedge shaped 
area on the temporal side of the nerve immediately behind 
the globe, but becomes a circular central area more postenorly 
(Fig 60) This degeneration was discovered early m the 
history of the disease, and combmed with the clinical simi 
lanty to undoubted cases of retrobulbar neuntis led to the 
conclusion that it was the primary scat of the disease 
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Nicotine is generally regarded as the toxic agent but it is 
much more probable that it is one of the more volatile decom 
position products of mcotme eg ^ colbdine or lutidme 
The amblyopia produced by diabetes carbon disulphide 
and iodoform resembles that of tobacco Diabetics appear to 
be specially susceptible to tobacco 
Treatment consists m total abstmcnce from tobacco and 
alcohol It should be combined with tome treatment espe 
nallj the administration of strychnine Iodide of potassium 
may be given and copious draughts of water combined with 
exercise have been recommended Intravenous injections of 
vasodilatators such as sodium mtnte (40-60 mgrm } or 
erythrol tetranitrate (1 5 gram) by the mouth are said to 
cause rapid improvement and local injections of acetylcholine 
{mde p 358) maj also be tried All patients with central 
scotomata other than those due to total macular degeneration 
should abstain from tobacco and alcohol 
Qmntne ambljoma diSers m some stnbng chsractenstics 
from tobacco amblyopia Here total blindness (amaurosis) 
follows the use of the drug even m such small doses as 12 
grams m susceptible persons 40 grams is the masunum 
amount of sulphate of quinine which should be gives withm 
twenty four hours {Yarr) The largest doses are usually taLen 
for malaria but quinine is abo used as an abortifacient The 
pupils are dilated and immobile Deafness and tinnitus 
aunum are present Ophtbalmoscopically the retinal vessels 
are extremely contracted and the disc la very pale cedema of 
the retina has been described in the early stage In less 
marked cases or at a later stage the fields of vision are much 
contracted The fields gradually widen out but do not regam 
their normal limits Central vision may be completely 
restored The discs may remain pale for years or become 
normal Occasionally blindness is permanent and optic 
atrophy ensues The same condition may follow admmistra 
tion of ethyl hydrocuprein (optochm) for pneumonia and 
from excessive doses of dial and other barbituric compounds 
but m the latter cases some vision is regained if the patient 
surviveB 

Saheghe acid and salicylates occasionally produce an 
amblyopia of the same type and with the same ophthal 
moscopic features as that of quinine but not so severe 
Treatment consists m discontinuing the drug admmistenng 
amyl mtnte or mtro glycerine supplemented by strychnine 
and digitalis or local acetylcholine mjcctions 
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The amblyopias produced by methyl alcohol, arsenic, lead, nt/ro- 
and dinitro bensol, a.ndfiltx mas difier from those of retrobulbar 
tvpe in the more senoua optic atrophy which generally ensues 
There is probablv always a stage at which a central scotoma is 
present, but it is often missed 

Methyl alcohol poi«oiuiig from dnokiiig wood-alcohol was 
common in America during prohibition, and used to occur in 
England from dnnlang methylated spirit before it was intea 
tionaUy adulterated Nausea, headache, giddiness, &c , are 
followed by coma If the patient anrvive^, vi^on very rapidly 
fails, passing through the stage of contracted fields and absolute 
central scotoma to bhndne<s Vision may improve, but usually 
again relapse**, becoming gradually abolish^ by progressive 
optic atrophy Rarely restoration is complete Ophthalmo 
scopically there may be blornng of the edges of the discs and 
dimimshed <>ue of the ve«sel«, m the early stage**. Later there are 
signs of optic atrophy, usuallv of the primary tvpe {vide p 397) 

Arsenic is specify liable to cause optic atrophy, usually total, 
wbenadmimstered m the form of tn%aient benzol nng compounds 
such as atoxyl or soaimn, arsacetm, bectioe, ^c These were used 
for attacking the trypanoaome of sleeping sickness, but have now 
been abandoned the salvarsan group have the ar«emc lo penta* 
valent combinatiou and are less toxic no ca^es of optic atrophy 
have been reported from their ose 

Lead poisoniog is rarely seen etnce precautions bai e been taken 
to ehnunate salts of the metal from pottery glares, dc The ocular 
signs are optic neuritis or optic atrophy, which may be primary 
or post neuritic Some cases have retiuiti*, which mav be due 
directly to lead or of albanununc tvpe, secondary to lead nephnti«. 

filii mas, used a** a helmintbetic, may cause amblyopia m 
excessive doses, especially jf given with castor oil The opbtbaj 
moscopic picture is *aid to resemble that of quimne amhlvopta 
Later, optic atrophy supervenes I have seen a case in which a 
drachm of extract of male fem was ordered three times a day and 
was taken for ten days There was total optic atrophy in one eye 
and partial atrophy with much contraction of the field in the 
other 

Detachment of the Retina (Syn* — retiiuF, Amotio 
relincs) The retina may become separated from the choroid 
by being pulled up from withm or pushed up from without 
The simplest example of the former mode is in the late stages 
of plastic cyclitis when the strands of connective tissue which 
become attached to the retina contract dunng the process of 
organisation The simplest example of the second mode is 
separation by means of a choroidal htemorrhage, such as may 
occur from a blow, or disease of the vessels 
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Clmicalljr detachment of the retma is observed most com 
monly m three conditions viz , after a blow , m high myopia 
(60 per cent of cases of detachment), and m sarcoma of the 
choroid , to these must bo added a not inconsiderable number 
of cases in which no cause can be assigned The exact 
mechanism of detachment in these cases is by no means 
completely understood , indeed, detachment of the retina is 
still one of the difScult problems of pathology It is com 
monest in men between forty five and sixty five years of age 
The patient usually complains that there is a cloud in front 
of one eye, so that parts of objects, usually the upper or lower 
parts, are not seen In other words there is a positive sco- 
toma, as IS confirmed bymakmg a chart of the field of MSion 
Usually the scotoma conesponding to the detached area is 
absolute, but in shallow detachments some vision may persist, 
sufficient nounsbraent bemg afforded to the retina from 
the subretmal fluid There is then generally a relative sco 
tonn for colours, and acquired colour blmclness of the tcitn 
uopio {mde p 415) is not uncommon It is well to take 
the field under high and low illummation, the increase m the 
size of the scotoma in the latter case showing that a larger 
area of the retina is involved than that which is comple^y 
bhnd As a rule central vision is intact at first, but all detach 
ments of the letma tend m time to he complete when the 
macular region becomes affected central vision is lost, and 
when the detachment is total perception, of light is lost The 
first symptom observed sometimes is transient flashes of bght 
(photopsise), due to slight displacements of the retina wluch 
irritate the neuro epithelium They should always be regarded 
With senous attention, but not infrequently occur, especially 
in myopic eyes, without being follow^ by detachment 
A small detachment causes much less definite si^s Some 
obscuration of vision is noticed, but the diagnosis can only 
be arrived at by careful examination of the fundus and of the 
field of vision In sarcoma of the choroid the detachment 
may be very small and in any position, thus differmg from 
the other forms — so called simple detachment — m which it 
is generally larger, though often shallow, and confined to the 
lower parts of the fundus Simple detachment often begms 
m the upper part of the fundus, but after a variable time the 
subretmal fluid gravitates to the lo^^e^ part of the eye and 
the retma becomes replaced in the upper part Sarcoma of 
the choroid may start m the neighbourhood of the macula, 
and in this case central vision is early affected, as shown by 



380 


DISEASES OF THE EYE 


distortion of objects (metamorphopsia, micropsia, ic ) or 
a relative scotoma for colours A small detachment due to a 
sarcoma of the choroid may be accompanied by a large simple 
detachment m the usual situation below 
Estemally the eye looks normal , the antenor chamber may 
be deep and the tension diminished, though rarely much in the 
early stages In cases due to sarcoma of the choroid the tension 
IS always raised in the later stages and the anterior chamber is 
shallow , occasionally the tension is raised early in these cases 
It 18 by no means difficult to miss diagnosing a detachment 
of the retma even when it is lai^e, especially if it is al«o 
shallow The symptoms may be mdefinite, for the retina 
may obtain sufficient nourishment from the flmd which 
underlies it to retam its functions only partially impaired for 
a considerable period Failure in diagnosis is almost alwajrs 
due to the omission of a proper routine examination of the eye 
The observer often employs the direct method, possibly after 
a casual examination by the indirect, without pre^uouslr 
ezamuuDg with the mirror alone A shallow detachment will 
then appear little altered from the normal fundus It is true 
that It 13 more hypermetropic, but the observer does not rcahse 
that he is exercising rather more accommodation m looking at 
it than at the rest of the fundus Now, if the eye is examined 
with the mirror alone at ordinary reading distance, although 
perhaps no details of the retma are seen — and they will only 
oe seen if the retina bulges far away from the choroid — yet 
some difference m the nature of the reflex as the eye is turned in 
various directions will at once arrest attention 
Further examination by the direct method will then show 
the following changes (Plate XV ) The detached portion of 
retma has a dffierent tint from the normal fundus In the 
most typical condition it i** quite white or grey, with folds 
which show a bright sheen at the summits and appear greenish 
grey m the depressions During slight movements of the 
eye the folds show osallationa The retinal vessels are seen 
coursmg over the surface They naturally follow all the curves 
of the folds Very striking is their abnormal colour Owmg 
to the Iset that thej’ sts ssfaisted JEmm tie finrA'dr which 
is responsible for the red reflex of the normal fundus, they are 
under much the same conditions as an ordinary vitreous 
opacity, t e , they cut ofi the hght reflected from the choroid 
They therefore look much darker than usual, and may be 
almost black They show no central light streak and appear 
smaller than norma! 
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If BOW this portion of the fondosiB observed with the highest 
convex glass with which it can be seen plainly, jfc will be found 
that the rest of the fundus is outof iocus ; this proves that it 
is displaced forwards and must therefore 
be detached from the choroid. 

In the early stages, and sometimes for 
a long period m shallow detachments, 
the colour differs little from the normal. 

Such cases are much less easy to diagOMC, 
and may give rise to great difficulty, 
especially if the apparent dctechmeat is 
very peripheral, for the periphery even of 
the emmetropic eye is usually seen best 
with a low convex glass 

"When the detachment is very extensive 
great halloon-like folds may be seen, and 
these will probably cut off all view of 
the disc. At the edges of the detachment a considerable 
degree of pigmentary disturbance may be seen. ^Vhite spots 
of exudation, hsemorrhages, and greyish'white lines due to 
retinal folds may bo seen on the surface of the detached retina. 
Not infrequently a hole is visible, through which the bright 
red choroid can be seen (Figs 210, 211). It is probable that 
there is a hole in every detached retina, but it is not always 



Fro. 209. — Disgram- 
matio sagittal section 
of eye with partial 
Buopls detaebment ot 
the letina (Nettle, 
ship,} 




?J.C Cn ■ — TTolea and the Retina. jSlup)land,l 

Visible ophthalmoscopically The most frequent are horse- 
show or arrow-head Maped, witii a lid-likc tongue. These are 
always peripheral and commonest in the upper parts of the 
retina. They are attributed to traction by vitreous bands. 
Round holes are usually less peripheml, and may occur at the 
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macula In some, especialljr traumatic, ca<»es the retma 
becomes detached at the oia serrate (anterior retinal dialvsi?, 
‘ disinsertion of the retina”) (Fig 212), probably following 
cystic degeneration, which is quite common m this situation 
moldpeople In these cases there 
IS often a very large aperture 
through which the choroid can be 
seen, the edge of the detached 
retma bemg sharply defined Dis 
msertion is commonest in the 
lower parts of the retma 
In total detachment the retina 
is umbrella shaped, remaming 
attached at the disc and at the 
ora serrata Still later it be 
comes bunched up bebmd the 
lens, the part attached to the disc 
bemg pulled out mto a straight 
cord In tbe«e cases the disturbance to nutntion of the eye 
leads to the de\ elopment of a complicated cataract {q t ) 
so that ophthalmoscopic examination becomes impossible 

The description given applies especially to so-called sxmvJe 
detachment, t e , detachment not due to sarcoma of tne 
choroid The difierence may be slight, but accurate diagnosis 
IS of the utmost importance, smcc the life of the patient mav 
depend upon it The chief diagnostic features are gnen in 
treatmg of sarcoma of the choroid, and should be very carefulU 
studied (nde p 418) 

The space between the retina and choroid is filled 
with a highly albummous fluid secreted by the choroid 
(Fig 209) 

The prognosis m simple detachment of the retina, un 
treated by operation, js unfavourable The detachment 
becomes total and complicated cataract and iriclocyclitLs 
follow Spontaneous replacement is rare except in cases of 
renal retmopatby (tide p 3B7) The results of surgical treat 
ment are good m about 80 per cent of cases due to traum.i 
with jetmal dialysis at the ori serrata m the lower tenyioml 
quadrant In health) patients whose vitreous, retma and 
choroid show no disease other than changes at the site of the 
retmal hole the prognosis is good in about 60 per cent of cases 
if operated on early The prognosis is had if the detachment 
has been present for nine months or mote , when the \ itreous, 
retina and choroid are degenerated, when there is high 
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m}opift, and iIho^r m restless and Jlcu^o^IC patjonts 
Detachment recurs in gome cartes, c\en if the retina has 
remained i« situ as long aa one or tno jears 

Detachment m a mjopic eye is an indication for extreme 
care of the other eje, winch must be regarded ns predisposed 
to the same accident The patient should be warned against 
stooping, as m gardening and lifting heavy w eights 

Trcaitnenl A. thorough mvcstigation of the affected eye is, 
made before operation Full diHtatiou of the pupil is -very 
important m order to reveal a retiml tear at the ora serrata 
it may be necessary to inject mjdriciin (3 minims) under the 
conjunctiva near the limbus m the lower part of the globe 
Sometimes such a lesion is rendered visible only by making 
gentle pressure on the sclcrn near the on serrata with a 
strahisraua hook A careful drawing showing the position of 
retinal holes, pathological lesions retinal vessels and other 
landmarks is made of the fundus Several cxammations 
should he made wuth the patient m different postures — 
sitting, supine, lateral and even prone , of these the supine 
IS most important, since this is the position in which tlic 
operation is usually performed CJhanges in posture may 
reveal a retmal tear wluch his hitherto been liiddon by a 
retinal fold Accurate localisation of the retmal tear or holes 
m relation to the outside of the sclera is essential , it is done 
h> asscssmg m terms of the clock face tiie meridian in which 
the hole lies Its distance from the ora serrata is judged 
ophthalmoscopicall} m terms of optic disc diameters 
1 5 mm ) The patient rests m bed two or three dajs 
before operation 

The operation consists m reflecting a flap of conjunctiva and 
Tenon’s capsule, and if necessary dividing an cxtraocular 
muscle over the site of the retinal £olc (Fig 213) iVn apphea 
tion of surface diathermj with a 3 mm dnmotor blunt 
terminal is made on the sclen, lining a cuirent of 80 milli 
araperos for seven seconds Tins causes coagiihtion in the 
choroid, which should be confirmed by immediate ophtlial 
moscopic examination It appears as a white patch of exudate 
ahffut 4 mat m Amsteier ta ifee 

hole determines the sites of further applications of surface 
diathermy, each being checked by ophthalmoscopic exammu 
tioii The object is to promote adhesion of the retma and 
choroid around the hole after the suhretinal fluid has been 
evacuated iVfter satisfactory circuinvallation of the hole by 
surface diathermy perforations of the sclera and choroid are 
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made by a diathermy needle carrying a current of 40 rrnllt 
amperes for three seconds The subretmal fluid seeps out, 
and its evacuation is completed by suction Ophthalmoscopic 
esammation should then show apposition of the retma to the 
choroid Both eyes are bandaged, and the head is iinmohili«cd 



Fio 213 — Perforstmg diathermy tbroufli the sito of iupcrficul 
d albermy 

m a position such that the site of the bole is the most dependent 
part 

la favourable cases adhesion between retma and choroid is 
fairly firm m three or four weehs, but great care must bo 
taken not to jeopardise its security by undue phj’^ical evertion. 

Glioma of the Retina See p 422 

Cysts of the Retina are commonly found in the microscopic 
examination of degenerated eyes, especially near the ora serrata 
in old people , they may lead to holes, disiosertion, and detached 
retina Larger cysts occur eUewhere, and are sometimes due to 
adhesion of folds of detached retina In tare cases large cysts 
may simulate detached retina climcally 

CoSGSyiTAL AB'^OSHAUTIBS Of THE ChoSDID AXD 

Betc^a 

Coloboma of the Choroid and Retina is a congenital mal- 
formation m which the choroid and retma are more or less 
badly developed over a certam area, usually the lower part 
(typical coloboma) The typical coloboma is due to defectn e 



PLATE XVI 



Colobotna of the choroid 








DISEASES OF THE CHOROID AND RETINA 38D 


closiire of the festal, so-called choroidal, cleft Ophtbal- 
moscopically there is a glistening wlnte area, usually with 
patches o£ pigment at the edges (Plate XVI ) There is often 
also coloboma of the ms (gv), and the eye may be small 
(microphthalmia) The condition is often bilateral, and is 
frequently hereditary The patch is oval or comet shaped 
with the roimded apex towards the disc, nhich may be in- 
cluded or not A few vessels are seen over the surface, some 
retinal, others denved from the choroid at the edges, but most 
derived from the posterior ciliaries directly The surface is 
often depressed irregularly (ectatic coloboma) The central 
vision IS generally bad, and there is a scotoma m the field corre 
spondmg more or less accurately with the coloboma, though 
this usually contains some retinal elements near the edges 

Similar patches, often symmetrical m the two eyes, occur 
m other situations (atypical coloboma), notably at the macula 
(central or macular coloboma) It is probable that some of 
these are due to mtra uterme inflammation 

Albinism is the defective development of pigment throughout 
the body Owing to absence of pigment m the eye the ms 
looks pink, and the patients suficr much from dazzling 
Nystagmus, photophobia, and defective vision— partly due 
to myopia, or, less frequently, hypcrmetropia— are present 
There may be strabismus, usually convergent The condition 
13 hereditary With the ophthalmoscope the retmal and 
choroidal vessels are seen with great clearness, separated by 
glistening white spaces where tiic sclerotic shmea through 
Microscopic exammation has shown that total albmism is 
extremely rare, as traces of pigment have always been found 
m the retinal epitliehum 

Partial albinism is commoner, and the absence of pigment is 
then hmited to the choroid and retina, the irides being blue 
There may be pigment in the macular regions, wbitih may 
therefore look normal People with dark hair sometimes have 
relatively sbgbt pigmentation in the periphery of the fundus, 
80 that the choroidal vessels are seen these patients will 
always be found to have had very fair hair as children 

which should be tinted 

Congenital Pigmentation oi the Retina Small oval grey 
Spots or groups of polygonal greyub black spots are occasionally 
met with in the retina m routine examination of the fundus 
They ate flat and be below the vessels, and remain unchanged 
indefinitely They are probably congenital and due to heaps of 
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retinal pigment epitbelium sinulat to those fotnung melanoma i 
in the ins {?« ) 

Opaque Nerve Fibres The medullary sheaths *of the fibre 
of the optic nerve cease normally at the lamina cnbiosa 
Occasionally patches of fibres regam these sheaths after the] 
have passed through the lamma cnbrosa (Fig 214) The] 
appear ophthalmoscopically as white patches, the penphera 
edges of which are radially striated, looking as if frayed ou 
(Plate XVII ) Usually the patches are continuous witl 
the disc , occasionally they are isolated, but rarely far fron 



Fia 214 •^Opaq.ud nerve fibres (O), aUmed bj tbe Wei^art Pa) met) od 
retina. £, Umma cnbrosa. A.optionerre 

the disc Usually the retinal \ easels ate coNexed in places 
by the opaque fibres tVhen present the blind spot is en 
larged, or a scotoma corresponds with the position of tht 
patch Very rarely the patch is large and imolves the 
macula so that central vision is abolished If glaucoma oi 
optic atrophy causes the fibres to degenerate the medullarj 
sheaths disappear and no trace of the abnormality remains 
It IS important to be able to diagnose them, since they ma) 
be easily mistaken for evudates, e g , albummuric retmitis 
They not mfiequently occur in both eyes They are not 
strictly speaking congenital, for myelination of the optu 
nerve progresses from the bram towards the penphery, and 
t!f rruif cutirpiViW anvf.i? iivfth 



CHAPTER XYIIl 
Diseases of the Optic Nerve 

The ojjtic nerve may be attacked by inflammation at any 
part of Its course The bead of the nerve witbin the globe 
IS frequently affected alone, and this condition is often called 
optic neurifcia or papillitis ‘When the nerveis aflected behind the 
eye the condition 13 called retro bulbarorretro ocular neuntis 
Hypersemia of the Optic Disc is a condition which can rarely 
be diagnosed with certainty Perfectly normal discs of 
diflerent individuals show variations in colonnng, and shgbt 
difierences of illumination alter the appearances There 
IB no doubt that hypertemia occurs as a precursor of optic 
neuntis, and m some of these cases it is possible to distinguish 
greater redness of the disc in one eye than m its fellow under 
the same coadittoos of examination 
Papillitis (Iniraocular Optic Neunits) and PapiIIcedema. 
Optic neuritis or papillitis is a term often applied to two 
groups of cases which should be carefully distinguished, viz , 
as part of a neuro retmitis (tnde pp 352, 367), and as a result 
of intracranial disease The pathology of the two conditions 
IS different, though the ophthalmoscopic features may be 
almost or qmte identical In both there is cedema of the 
nerve*head, which is associated with true mflammatory 
changes in papillitis, and is passive in papiUcedema The 
general features will be considered first, the differences being 
discussed afterwards 

It has already been pomted out that the polour of the 
disc IS a fallacious entenon of abnormality Attention 
should be directed especially to the edges, which will always 
be found blurred, usually first on the nasal side, later m 
the whole circumference The blood vessels are altered, the 

the disc IB usually redder than normal In the later stages the 
blurring of the edges is much greater, and the disc looks larger 
than usual Exudates cover the vessels m places, and 
the veins ate greatly distended and very tortuous The 
papilla IS paler than normal and may be white , it shows 
ramal streaks, and small htemoRhages are generally present 

SbT IS-'t 
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upon It and the siutoundmg retina The disc is now quite 
definitely and measurably awoUen [vzde p 121) 

In the papillitis of nemo retimtis the swellmg of the disc 
13 usually moderate — ^2 or 3 D — shelvmg off gradually into 
the surrounding retina, which shows the signs of retuuLs 
(indep 351) The disc is redder than normal, owmg to dilsta 
tion of the capiUanes, but the distension and tortuosity of 
the veins are moderate The “optic neuntis” of mtracraiual 
disease may in some cases be a true dcscendmg neuritis, sod 
will then show the condition just described, except that there 
IS bttle or no retimtis The intracramal disease in these cases 
IS usually of an mfiammatoiy nature, e g , meningitis More 
commonly, however, the condition is one of intense cedems 
with no true inflammation, and this gives nse to papillcedems 
or “ choked disc " (Plate XVIII , Fig 1) Here there is very 
meat swelling — up to 8 or 10 D — usually delimited much more 
defimtely from the surrounding retma, which shows little 
change The veins ate enormously distended and very tor 
tuous , the vessels are hidden in places by white exudates 
There are frequently haemorrhages on the swollen papilla 
and at its edges In many cases it is impossible to distm^*h 
ophthatmoscopically between the two forms The swelling 
may be unusually great in neuro retimtis, and per contm the 
appearances due to intracramal disease may sunulate the 
neuro retuutis of renal disease, mcludmg the star figure at the 
macula, particularly m children The star figure is rarely 
complete m these cases , usually it is a fan shaped figure 
on tne disc side of the macula It occurs only m severe cases, 
and IS therefore commoneat with cerebellar tumours It may 
disappear completely after decompression, lea'iung an apps 
rently normal macub 

Tbe symptoms may be extremely vague Central vision 
may be qmte normal, m which case the pupils will also he 
normal in size and reactions It is very important to remember 
this fact, which emphasises the necessity of examining the 
fundus m all cases of headoebe, A.c Even in tbis stage there 
may be some concentric contraction of the field of vision 
Transient attacks of blurred vision, lasting for a few minutes 
up to an hour or so, are not xmcommon in the early stsKs of 
papillcedema Visual acuity may be practically imaTtered 
throughout It is usually dimmishcd, but the loss bean no 
direct relationship to the amount of swelling of the disc Later 
central vision is reduced, even to complete blindness The 
pupils will then be large and imm obile In less severe cases or 
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in tte mtenncdjate stage central visjon is defective, the field 
IS markedly reduced concentrically, and relative scotomata— 
first to green and red— or absolute scotomata maj be present 
There may be hcmianopia or other defects in the fielcl depen- 
dent upon the site of intracranial lesion ^Vhen there is 
extreme loss without much naptlloedcma it Is probably due to 
the distend^ third ventnefe pressing upon the chiosma and 
optic tracts It is noteworthy m this relation that the diminu- 
tion of vision IS less with temporo sphenoidal tumours than 
with those situated elsewhere fraton) Vision may be normal 
m spite of a macular fan Premonitory attacks of blurred 
vision are commonest with ccrebellnt tumours, possibly owing to 
interference with the circulation m the occipital lobes Positiv e 
subjective phenomena, e g , seeing coloured lights, A.c , arc rare 
In the papillitis of ncuro-rctinitiscentral vision isalways reduced 
Both m ncuro retinitis and m mtracramal disease the con 
dition IS generally hilatcral, though not ncces-sanly equal on 
the two sides The relative amount of Bwclliog ma> bo of 
localismg value in the case of intraeramat di«casc, but its value 
has certainly been over-estimated , m frontal tumours and 
middle ear disease the swcllmg ts usually greater on the side 
of the lesion The time o! onset of the pap)])a>dema is really 
more to be taken into account than the amount of swelling, 
the localising v'alue being attached to the side first affected 
Thus the swdlmg maj be actually less on the side first aflcctcd 
owing to subsidence associated with commencing atrophy 
Unilateral papiUccdcraa, with or without ** secondary " optic 
atroph) on the other side, suggests a tumour of the opposite 
olfactory lobe or orbital surface of the frontal lobe or of the 
pituitary body (cufe p 393) Unilateral papdlccdcma occurs m 
thecarly stages of increased mtracramal pressure and in orbital 
diseases such as tumours of the optic nerve or orbit, cclhihtis 
of the orbit, ha?morrhage into the sheath of thoopticnervc ic 
The course is chronic, the prognosis bad Occasionally, 
especially m syphilis, the disease subsides under treatment 
and good vision is preserved The same applies to cases 
due to mtracramal pressure if the pressure is relieved 
early Palliative decompression by trephining the skull 
has a remarkable cficct Headache, vomiting and stupor 
are relieved, vision improves rapidly unless the nerves 
have been irretrievably damaged, and the papiliccdcma 
quickly subsides Rarely the di«C8 regain a normal appear 
ance, bat often the nerve fibres are destroyed, '* post-ncnritio " 
atrophy (jt») follows, and the patient may become blmd 
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{tnde p 394) Recurrence of papillcedema is very rare, bat has 
been recorded 

Diagnosis is easy m *»evere cases , it may be very difficult m 
sbght cases Here the colour of the disc is no sure guide unless 
there is undoubted difference between the two eyes Attention 
should be directed to the edges of the disc , if these can be seen 
clearly dehned with any lens tbere is no neuntis, but it does 
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not follow that there is neuntis if they appear blurred Astig 
matism causes apparent blurring of the disc margm and tbere 
13 a condition nearly simulating sbght neuntis known as pseudo- 
neuntis seen particuiaify m fiyperme tropic eyes and due farge ly 
to a pecuhar reflex {Fig 215) In such cases attention must 
next be directed to the amount of swelling In the absence of 
other mdubitahle signs such as exudates or hsEmorrbages 
papillitis or papillcedema should not be diagnosed unless at 
least 2 D of swelbng can be demonstrated In some cases it is 
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necessary to keep tlie patient under careful observation for a 
considerable penod before certamty can be arrived at 

The following stages may be distinguiabed in the development 
of papiUcedema (Marcus Gunn de Schweiiutz and Holloway) — • 

(1) Increased redness of the disc, with blurring of its upper 
and lower margins with a gradual progression of the blurring 
to the nasal edges, while the temporal margin is still visible, 
represents the first stage 

(2) Increased cedema of the nerve head, begmmng filling in 
of the physiological pit, mvolvcmeiit of the temporal margin of 
the disc, with a tendency of the osdema to spread into the sur> 
rounding retinal area, and uneven distension and darkening of the 
retinal veins, represent the second stage 

(3) Decided increase of cedema, elevation and size of the nerve* 
head, with vascular striation of the swollen tissue and stnie of 
cedema in the form of lines in the swollen retina between the disc 
and macula, marked distension of the retinal veins and retinal 
hemorrhages, represent the third stage 

(4) Increase in the prominence of the disc, which assumes a 
mound shape and begins to lose its reddish and ]uicr colour and 
to become opaque, exudation in and on the swolfcn disc and 
surrounding retina, elaboration of the retinal bsmorrhoges in size 
and number, represent the fourth stage 

(5) Decided subsidence of the vascularity of the papillsdema 
and increasing pallor, with or without sinking of its prominence, 
apparent contraction of the retinal arteries ana thickening of their 
perivascular lymph sheaths, spots of degeneration of the retina, 
espeaally in the macula, represent the fifth stage, which passes 
into the final stage of eo-callcd post neuntic atrophy 

Mttology The chief causes of papillitis are those of neuro 
retimtis {qv) and of papillo^dcma intracranial disease The 
latter is the more frequent at least 80 per cent of cases of 
intracranial tumour give nse to papiUiraenia Any intra- 
cranial tumour in any position, with the exception of the medulla 
oblongata, may cause papiUcedema, the highest percentage 
being found with tumours of the mid brain, parieto-occipita! 
remon, and cerebellum (vzde p 605) The papillcedema is 
independent of the nature of the tumour and of its rate of 
gnAvitb ITdw* liiYtr oi* vthr grewiM* iU* •nnV nr rKilahwr 

to Its site It has been said that papiUcedema is Jess likely to 
occur in myopic eyes, but this is erroneous Meningitis is the 
next commonest cause, eqieciiUly tuberculous meningitis — 
basal meningitis rdativelj rarely Other intracramal causes 
are abscess, thrombosis of the cavernous smus, aneurysm, 
hydrocephalus (rarely), &c. 
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Toxasmia accounts for most of the other cases of “ optic 
neuritis ” Syphilis may act m this maimer as a basal meuin 
gitis, or more frequently as an mfracranial gumma , it is a 
frequent cause Papillitis may be due to any of the acute 
febrile diseases, but only m exceptional cases, and to acute 
anmmia from sudden loss of blood It occurs sometimes 
with poisonmg with, lead and other aubstances which usually 
give rise to toxic amblyopia of retro bulbar type (vtde p 378) 
It has often been desenbed in chlorosis, and suppression of 
menses has been given as a cause This mtiology is in my 



Fig 216— Pftpilladema. (FVom ft photo^ph bj Costs } 

opinion doubtful, some cases ha\e subsequently proicd to 
be due to other more senous causes, and many are probablv 
errors of diagnosis fsw Pseudo-neuritis, p 390) Slight 
papillitis has been observed m some of those rare cases in 
wluch there is persistent escape of cerehrospmal fluid from 
the nose Malformation of the cranium, eg, acroccphaly, 
mtra-orbital tumours andxnflaaunations — canes, penostitis, Ac 
— and tumours of the optic nerve act directlj upon the nerve 
pathology In neuro retinitis there is true inflammation of 
the nerve, but even then oedema plays a promment part owing 
to the obstruction to the outflow of venous blood at the site 
of the lamina enbrosa {vtde p 126). Most cases of “ choked 
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djsc ” are at first caused by simple oedema mthout mflamma 
tiOQ , m the later stages there may be some inflammatory 
reaction — infiltration Tntb leucocytes, &.c — due to the imta 
tion of the necrosed tissues The oedema occurs first on the 
lamina cnbrosa and peripheral parts of the nerve , the physio 
logical cup then becomes filled in and the internal limiting 
membrane raised (Fig 216) The macular fan is caused by 
oedema in the nerve fibre layer and raismg of the internal 
limiting membrane in folds , the outer reticmar layer may be 
cedematous, but there are no large cystic spaces as in albu- 
mmunc retimtis There is often sub pial cedema distal to the 
site of entry of the central vessels into the nerve, but the nerve 
IS normal proximal to this point It is noteworthy that the 
central vein is collapsed where it crosses the sub dural and 
sub arachnoid spaces {vide tnfm) In many cases the sub 
arachnoid space is so distended that it is ampulliform just 
behind the globe The nerve fibres become swollen and 
TOTicose, ultimately degenerating, they show cell like bodies 
(cytoid bodies) asm albuminuric retinitis , these are not found 
bebmd the lamina cnbrosa The neuroglia probfentes and 
the mesoblastic tissue around the vessels becomes thickened 
In a mmonty of cases due to mtiacranial disease, especially 
menmgitis, there may be a descending neuntis, with true 
inflammation of the nerve 

The mechanism whereby oedema is induced by intracranial 
disease has been the subject of much dispute and is still an 
unsolved problem There is no doubt that the predominant 
factor is mcreased intracranial pressure This is proved by the 
fact that the oedema almost invariably subsides, even though 
the mtracranial disease contmuca, if the pressure is relieved by 
freely opening the skull If commumcation is cut off from one 
mtravaginal space by pressure of a tumour of the pitmtary 
body or olfacto^ region papilloedema does not occur on this 
aide, but the optic nerve passes into a condition of partial or 
complete “ secondary ” atrophy (wde p 399) The following 
theories have been advance to account for papillcedema 
(1) that it 13 purely inflammatory , this is negatived by the 
histological findiiiga,. f2) disturbance of vaso motor innerva- 
tion there is no evidence in favour of this view , (3) 
artcnal an®mia, leading to altered conditions of osmosis at 
the nerve head , (4) lymph stasis, owing to impediment to 
return of lymph w<£ the intravagmal space , (6) propulsion of 
cerebro spmafflmd through the lamina cnbrosa , (6) compres 
Sion of blood vessels and local irascofar engorgement either m 
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the lanuoa cnbrosa and nerve or m the vaginal space It is 
most probable tbat papiboedema is due to compression of the 
central \ essels as they cross the vaginal space, causing collapse 
of the vein, whilst the thicker walled artery contmues to 
transmit blood 


The treatment of papilloedema is essentially that of the under 
lymg cause Local treatment is of no avail, but all sources of 
irritation such as bnght light, ^ 1 . 0 , should be guarded against 
latracramal pressure should be relieved before vision is lost, even 
if the cause is a tumour which cannot be completely extirpated 
If the localising symptoms are pcaitive trephimng should be 
performed over the site of the tumour if possible If this is 
impossible or if localising signs are masked by piessuio symp- 
toms a free openmg should be made in the skull supra or sun 
tentonally accordmg to the mdications of the case The rehef 
of pressure will alleviate the cerebral ccdema and unmask the 
localismg signs so that it may be possible at a later stage to 
imdertake a radical operation Paralysis of the external recti 
IS often due to the pressure on the sixth nerves m tbcir long 
mtracramal course, and in 
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these cases is of no localising 
value (vMiep 6G1) 

If decompression is done 
early the prognosis os to sight 
13 very favourable After 
decompression vision usually 
improies rapidly, but only 
if the mtracramal pressure 
is effectually rebel cd It 
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Retrobulbar Neuritis The intra orbital portioo of the optic 
nerve may become inflamed as the result of extension from 
the sutroimdmg tissues EctrobulbaT neuntis is usually 
divided into an acute, so^lled symptomatic form, and a 
chronic, idiopathic fonn The latter is the condition which 
we have descnbed as tozic amblyopia and have attnbuted 
to a primary retmal lesion 

. Acute retrobulbar neuntis is usually unilateral The patient 
complains of sadden obscuration of vision, which mcreases 
rapidly during one to eight days , there is sometimes pam 
on movmg the eye The pam is mcteased by pressure 
upon the globe, and neuralgia and headache may be present 
Ophthalmoscopic examination will probably reveal a qmte 
normal fundus It is therefore very easy to overlook the true 
condition and to attnbute the symptoms to hysteria Careful 
methodical examination will mimmise this danger Diagnosis 
at this stage will depend upon thorough estigation of the 
pupil reactions and of the field of nsjon The patient should 
be asked if he ever squinted (wde p 410) 

At first glance the pupil reactions wiU be apparently normal, 
both directly and cooiensually to light as well as to accommo 
(iation filore min ute msp^ion will show, however, that 
though the pupil of the affected eye reacts to light the contrac 
tion 1 $ not mamtamed under the bright lUumination, t e 
mstead of lemaimug contracted the pupil slowly dilates while 
the light IS still kept from the eye Lack of sustained conslnc- 
tion ^ the pupil (o light, if it can be placed beyond dispute, ts 
of the greatest diagnostic stgnijicarux 
The field of vision shows a central scotoma which may be 
relative for colours or absolute. It js not always quite central, 
bat may be paracentral or aectonal or in the form of a ring 
around the Nation point There la usually some peripheral 
loss of the field and there may be complete blindness 
In the later stages or more severe cases there are usually 
ophthalmoscopic changes These are distension of the veins, 
with dimmished calibre of the arteries, or actual papillitis, 
moderate m degree They arc most likely to occur if the focus 
IS close behind the eyeball With or without these preliminary 
changes atrophy of the optic disc may ensue In every case 
m w&ch the inflammation m the nerve behmd the globe is so 
great as to lead to destmchon of the nerve fibres in this 
situation the degeneration extends not only towards the brain 
but also towards the eye In the milder casesjiaUot of the disc 
is bmited to the temporal 8ide,correEpocdmg with dcgentra 
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the lamma cnbrosa and nerve or m the vaginal space It is 
most probable that papiUcedema is due to compression of the 
central a essels ns they cross the vagmal space, causing coUapse 
of the vem, whilst the thicker walled artery continues to 
transmit blood 

The treatment of papiUcedema is essentially that of the under 
lying cause Local treatment is of no avail, but all sources of 
irritation, such as bright light, A.c , should be guarded agamst 
Intracramal pressure should be relieied before nsion is lost, even 
if the cause is a tumour which cannot be completely crtirpated 

If the locahsmg symptoms are positive trephinmg should be 
performed over the site of the tumour if possible If this is 
impossible or if localismg signs are masked by preisuro symp- 
toms a free opening should be made m the skull supra- or sub 
tentonally accordmg to the indications of the case The relief 
of pressure will alleviate the cerebral cedema and unmask the 
localismg signs so ^hat it may be possible at a later stage to 
undertake a radical operation Paralysis of the external recti 
IS often due to the pressure on the sixth nerves m their long 
intracramal course, and in 
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section of optic disc in paptUc^ema if the intracnuual pressure 
IS effectually relieved It 
13 not sufficient merely to open the cramum , the dura 
mater must be incised The recovery of vision may be 
much more rapid than the subsidence of the papiUffidcma 
Vision may deteriorate after operation probably owmg to 
excessive sclerosis and proliferation in the disc If dehved 
until there is great swelling and exudation, with marked 
depreciation of vision, and especially if signs of subsidence and 
commencing atrophy are present, further diminution of vision 
is to be anticipated Subsidence of the papiUcedema is usually 
rapid after operation, a decided change bemg seen m a week 
to a fortnight, though there is considerable variation m dif 
ferent cases In cerebral abscess there may be temporary 
merease of the papillitis or swelling after operation without, 
however, seriously compromisinv the prognosis 

The treatment of papilhtis is that of the totiological factor 


these cases is of no localising 
value (vwZc p 661) 

If decompression is done 
early the prognosis as to sight 
IS very favourable After 
decompression vision usually 
improves rapidly, but only 
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Retrobulbar Neuntis The intraHjrbital portion, of the optic 
nerve may become inflamed as the result of extension from 
the surrounding tissues Retrobulbar neimtis is usually 
divided mto an acute, Bo^Ued symptomatic form, and a 
chronic, idiopathic form The latter is the condition ■which 
we have described as toxic amblyopia and have attributed 
to a primary retinal lesion 

Acute retrobulbar neuntis is usually unilateral The patient 
complains of sudden obscuration of vision, which increases 
rapidly during one to eight days , there is sometimes pam 
on movmg the eye The pam is mcreased by pressure 
upon the globe and neuralgia and headache may be present 
Ophthalmoscopic examination will probably reveal a quite 
normal fundus It is therefore very easy to overlook the true 
condition and to attribute the symptoms to hysteria Careful 
methodical examination will minimise this danger Diagnosis 
at this stage will depend upon thorough investigation of the 
pupil reactions and of the fiddi of ^sion The patient should 
be asked if he ever squmted (rtde p 410) 

At first glance the pupil reactions will be apparently normal, 
both directly and cousensually to light as well as to accommo 
datwn More minute inspection will show, however, that 
though the pupil of the affected eye reacts to light the contrac 
tion IS not mamtained under the bright illomination t e 
instead of remammg contracted the pupil slowly dilates while 
the light IS still kept from the eye Lack of sustained constric- 
tion ^ the pupil to light, if it can be placed beyond dispute, is 
of the greatest diagnostic stpitficance 

The field of vision shows a central scotoma, which may be 
relative for colours or absolute It is not always quite central, 
but may be paracentral or sectonal or m the form of a ring 
around the fixation point There is usually some penpheral 
loss of the field and there may be complete blindness 

In the later stages or more severe cases there are usually 
ophthalmoscopic changes These are distension of the veins, 
with diminished cabbre of the arteries or actual papillitis, 
moderate in degree They are most likely to occur if the focus 
13 close behind the eyeball With or -without these prehminary 
changes atrophy of the optic disc may ensue In every case 
in wmch the umammation m the nerve behind the globe is so 
great as to lead to destruction of the nerve fibres m this 
situation the degeneration extends not only towards the brain 
but also towards the eye In the milder cases pallor of the disc 
15 limited to the temporal side, coitespocdiDg with degenera 
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tion of the papillo macular fibres It has already been noted 
that the ganghon cells at the macula are more liable to be 
affected by deletenoua agents than those m other parts of the re- 
tina The same fact applies to their axis cylmder processes, con 
tamed m the papillo macular bundle, wherever in their course 
the noxious agent acts This accounts for the clmical similarity 
between true retrobulbar neuritis and toxic amblyopia 
The causes of acute retrobulbar neuritis are local and general 
Among the former periostitis and transmission of infiamination 
from the ethmoidal and sphenoidal smoses may be mentioned , 
hence attention should be directed to any nasal complication 
Hsemorrhage mto the optic nerve sheath or orbit and fracture 
of the base of the skull, mvolvmg the optic foramen, may pro 
duce a similar clinical picture Pressure on the chiaama by 
hypertrophy or tumour of the pituitary body or tumour of the 
frontal lobe may m the early stages cause the symptoms of a 
unilateral retrobulbar neuritis (tide p 408 , see also heredi 
tary optic neuritis, xnfra) Among general diseases which 
cause retrobulbar neuritis insular sclerosis is one of the most 
important , it is a i ery frequent early symptom in this 
disease, which should always be suspected, especially when the 
symptoms occur in youne women. Considerable recovery o! 
vision usually occurs {vide p 4U0), but recurrence is not un 
common {viae p 695) Other alleged causes ore rheumatism, 
chills, diabetes, infectious diseases, septic foci Bomewheio in 
the body (mouth, intestinal tract, &c ), and so on. In cases 
due to such causes relapses are common, and both eyes may be 
affected, together or alternately Acute retrobulbar neuritis 
may be preceded by penpheral facial palsy of the same or 
opposite aide, and shows some analogies to this condition 
(Marcus Gunn) The prognosis depends upon the cause and 
the possibility of combating it, but is generally good In 
multiple sclerosis the affection of the nerve never leads to 
complete blindness {cf Tabetic Optic Atrophy, p 400) 
Treatment consists m attacking the cause, the mouth and 
nasal smuses being specially carefully investigated The eyes 
must be protected faom bright light, and kept at rest by 
atropine and abandonment of neat woik. ^Vhen the cause is 
obscure, mercury, iodides sabcylates, diaphoresis, and tonics 
may be used Intrav enous injection of vaso dilators has been 
advocated (tnde p 377) Smokmg should be prohibited 
Cases m which disseminated sclerosis is suspected should be 
referred to a neurologist for further mvestigation In 
diabetic cases appropriate regime should be instituted 
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Hereditary Optic Neuritis (5yns — Hereditary Optic Atrophy, 
Leber’s Disease) is a form of retrobulbar neiintia, usually com 
meDcing at about the t^reatieth year of bfe Descent is generally 
through an unaffected female to the males, though females are 
also sometimes affected Vision generally fails rapidly at first, 
then gradually, then remama etationary or gradually improves 
Both eyes ate always affected, though one may precede the other 
by a few dap up to eighteen months In two thirds of the cases 
there is a central scotoma, cither partial for colours or also for 
white The peripheral field is nsnally norma! but concentric 
contraction or sector shaped defects may occur Total and 
permanent colour blindness has been known to follow The 
central scotoma generally persists, but progressive constriction of 
the field to complete blindness is rare Members of the same 
family often show identical peculiarities in the progress of the 
cases The fundus is at first norma) or there is sltgBt blurring of 
the edges of the disc In later stages after months optio atrophy 
er^ues, with pallor confined to the temporal side or involving the 
whole disc Apart from headache, migraine, Ac , the general 
health u good Fubet has soggest^ that Leber s disease is doo 
to transitory chances m the pitmtary body (tide p 409), resnitmg 
m pressure upon the chtasma and associated with the periods of 
phjrsiological change in the sexual life If this be true treatment 
with thyroid and pitmtary extracts may be good. 

Optic Atrophy is the term usually applied to the condition of 
the disc when the optic nerve is degenerated It has been 
pointed out that injury to the nerve fibres 
in any part of their course from the retina 
to the external geniculate body leads to 
degeneration not only on the prommal 
(cerebral) side — as might be anticipated for 
afferent fibres — but also ou tbe distal 
(ocular) side (nde p 395) Optic atrophy 
follows extensive disease of the retina from 
destruction of the ganglion cells, ey, m 
‘ retinitis ” pigmentosa , it abo follows 
destruction of the nerve in the orbit, as m 
rupture of the nerve at the optic foramen m 
fracture of the base of the skull severe 
retrobulbar neuritis &c The break m contmuity of the fibres 
may be at the disc itself, such as results from the strangulation 
of the papillitis of neuro retuntis or papillcedema These cases 

are distmgmshed as '"post neurtitc ’’ atrophy, owing to special 
features which they often exhibit Besides these causes there 
18 a well-defined group of cases in which optic atrophy occurs 
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wtkout previous evidence of severe local inflammation but 
associate mtii general disease, nsually of the central nervous 
system, or without discoverable disease Such cases are 
described as pnmary atrophtf 

The essential ophthalmoscopic features of optic atrophy 
m general are alteration m the colour of the disc and changes 
in the blood vessels The disc is always pale but may show 
vaneties of tmt specially associated with vanous tjpes ol 
atrophy The pallor affects the whole di«c and must be care* 


Tia 219 — ^Tibelio Optic Atropliy (From » pliotogr«plj by Cost*) 
The niedallsry shesths of the oonosl oerre fibres are staued block 
by the We gertrPal method. 


fully distmguished from the white centre often encroaching 
upon the temporal side, doe to physiological cupping The 
pallor IS not due to atrophy of the nerve fibres, but to loss of 
vascularity , hence it is an uncertaui guide to lusual capacity 
(inde p 400) The change m the teasels is always on the side 
of contraction, but may be absent 

In primary (grey, tabetic spina!) atrophy the disc is grev 
or white sometimes with o greemsh or bluish tmt (Plate 
\ IX. , Fig 1) Thestipplmgof thelammacnbrosaisseen , the 
edges are sharply detoed, and the surrounding retina looks 
normal Owing to the degeneration of the nen e-fibres 
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{Fjg 219) there 13 slight cuppmg (atrophic cupping) (Fig 218), 
which must he caretully distinguished from glaucomatous 
cupping It 13 shallow and saucer shaped, as shown by the 
sbght blending of the \ easels, but is scarcely measurable with 
the ophthalmoscope There is no retraction of the lamma 
cribrosa The vessels are normal or only slightly contracted 
Both eyes are generally aSected 
In the “ secondary ” atrophy of retrobulbar miscluef the 
condition nearly resembles primary atrophy, but there is 
greater pallor, and the vessels ate more likely to be contracted 
In the “ consecutive ” atrophy of retinal and choroidal 
disease, ns typically represented by the late stages of “ reti 
mtis ” pigmentosa, the disc has a yellowish wavy appearance, 
the edges are less sharply defined, and the \essel3 are very 
markedly contracted, sometimes to almost complete disap 
pevrance This type of atrophy occurs in severe cases of 
disease of the retinal blood-vessels 
Post neuntic atrophy may be lodistmgmshable from the 
other forms ophthalmoscopically More commonly it can 
be diagnosed with considerable probability by characteristic 
signs (Plato XIX , Fig 2) These depend upon the fact that 
the absorption of the exudates leads to a certam amount of 
leactiona^ organisation, with the formation of a vanable 
Quantity of fibrous tissue upon the disc This tissue obscures 
the lamma cnbrosa and fills m the atrophic cup It extends 
over the edges, which ate thus mde^ite, and along the 
vessels as a thickening of the penvascular sheaths Further, 
it throttles the vessels, so that they become markedly con 
tracted, especially the arteries Owing to previous neuro- 
retmitis the surroundmg retina often shows permanent 
changes, chiefly mamfested by pigmentary disturbance 
\Vben such changes are well marked previous papillitis may 
be hypothesised with great probabUity, but m their absence 
the conclusion that there has not been papillitis is not ]usti 
fiable The amount of reactionary organisation varies greatly 
m different cases, and the tissue laid down is m the course 
of time gradually absorbed to some extent It must also be 
remembered that the amount of fibrous tissue on the normal 
disc vanes considerably and that slight fillmg m of the physio- 
logical cup with shreds of fibrous tissue extending outwards 
along the vessels occurs as a coi^eniial peculianty 
In total optic atrophy the piroils are dilated and immobile 
to hght and the patient is blma IVhen unilateral the con 
sensual reaction to light is exaggerated In partial optic 
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atrophy central vision is depressed and there is concentric 
contraction of the field, with or without scotomata, relative 
or absolute, according to the cause In primary atrophy the 
disease is usually slowly progressive, ending after months 
or years m complete blindness It is important to note that 
no deduction as to the amount of vision can be made &om the 
ophthalmoscopic appearances The presence of all the signs 
of atrophy is not mconsistent with a certam, sometimes con 
siderable, amount of vision 

The chief cause of primary optic atrophy is tabes It 
may be the first sign, and the other symptoms and signs 
may be long delayed The patient should be carefully invest! 
gated for a history of syphilis, the presence of Argyll Robertson 
pupils, tbe absence of knee jerks, the presence of anaesthesia 
(especially of the fifth nerve), inco-ordination, a positive 
Waasermann reaction, and so on If optic atrophy occurs early 
in tabes, ataxy may be long delayed or never supervene On 
the other hand, if it occurs late there is no appreciable difference 
m the course of the ataxy Both eves ate affected but often 
m unequal denee The disease advances slowly hut surely 
to complete bTmdness— progressive optic atrophy par excel- 
Unce The lesion was formerly supposed to be in the ganghon 
cells of the retina, but there is now considerable evidence that 
the earliest change is an inflammatory exudation into the 
intracramal part of the nerve and the chiasma A similar 
condition may be due to general paralysis and insular sclerosis, 
less commonly to other forms of central nervous ibsease, 
in insular sclerosis the course of the disease is usually different 
— ^variations, or repeated acute attacks, never causing complete 
blmdness The more favourable prognosis m disseminated 
sclerosis may be due to the fact that in this disease the axis 
cylinders often escape id spite of much destruction of their 
medullary sheaths Primary atrophy may be due to poisons, 
such as methyl alcohol, lead atoxyl, Ac (tide p 378) It 
occurs rarely ofter repeated large haimorrhages from the 
stomach, uterus or nose m unhealthy subjects Menstrual 
defects, cold, arteriosclerosis, Ac , have been ascribed as 
causes m doubtful coses 

In primary atrophy, though eentml vision is early affected, 
there 18 usually no central scotoma Cases of tabes m which it 
13 said to have occurred (Fcchs) may possibly be due to over* 
treatment with arsemcal preparations The field shows pro- 
gressive concentric contraction, often with marked indents 
tions which are rather more common on the nasal side 
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Fmallf, usually in a year or two m tabes, the fixation point is 
engulfed, though eccentric perception o£ light may atiU persist 
for a -while on the temporal Bide Contraction of the colour 
fields precedes that of the field for white, so that there is a 
stage of acquired colour blindness The prognosis is very bad 

“Secondary” atrophy la caused by compression of the 
optic nerves, chiasma, or tracts by tumours, aneurysm, dis- 
tension of the lateral ventricles (hydrocephalus), &.c These 
tumours, A.c , are so situated as to press directly upon the 
nerve fibres without causmg much nse of intracranial pressure, 
as in the case of tumours of the pituita^ body, aneurysm of 
the internal carotid in the cavernous sinus, &c , or to press 
directly on the chiasma or optic nerves behind the optic 
foramen, thus blocking communjcation with the mtravagmal 
lymph-space, as m the case of tumours of the olfactory lobe 
and inferior aspect of the frontal lobe The same type of 
atrophy may follow rupture of the optic nerve at the foramen, 
hamorrhage into the aural sheath, section of the nerve, com 
ptession by blood clot, acrocephaly, ic , -without previous 
neontis Kuptuie of the optic nerve is often due to fracture 
of the base o! the skull, and may be bilateral Vision in the 
eye and direct reaction of the pupil to bght are immediately 
lost, but pallor of the disc does not supervene until the second 
or third week later. 

The prognosis and treatment of nost-ncuntic atrophy have 
been dealt with m discossmg papilicedema 

Treatment of primary atrophy is that of the cause For 
the lesion of the nerve itseU mercury, iodides, strychnine, 
mtroglycenne, the constant emrent, &.C, may be used 
Attempts have been made to destroy the spirochates in the 
central nervous syatem m tabetic atrophy by raising the body 
temperature in various ways, c y , by mdaction of malana, 
and also to improve the local vascular supply by cyclodialysis 
None of these modes of treatment has had appreciable success 

Tumours of the Optic Nerve See Chap XXXIIl 


Congenital Abnormalities oe the Omc Disc 

Coloboma of the Optic Disc. This occurs m two forms, one 
of which is common, the other rate The common form 
13 due to mcomplete closure of the choroidal fissure, and 
manifests itself as an \nfenor crescent, much resemblmg the 
myopic crescent (gi ), but situated at the lower edge of the 
disc (Hate VIII , Fig 1) It is a crescent, whiter than the 



402 DISEASES OF THE EYE 

disc itself, situated at the lower border It occurs most 
commonly m hypermetropic and astigmatic eyes, which are 
often found to have sbghtly defective vision in spite of 
correction of any error of refraction It is often Bbghtlv 
ectatic (conus) 

In what 13 commonly known as eoloboma of (he disc (or 
nerve sheath) there 13 greater failure of the fcetal fissure to 
close The isc then looks very large and the vessels have a 
very abnormal distribution, appearmg only above or irregu 
larly round the edges The apparent disc is really the sclerotic 
and irmer surface of the sheath of the nerve, the nerve it«elf 
being usually spread out as a pink honzontal Imear band at 
the upper part The floor of the eoloboma is white and 
measurably depressed, often quite ectatic The eye usually 
has defective vision 

Rarer anomalies albed to eoloboma are round “ holes " in 
the di'ic, usually looking grey or black owin^ to the shadow, 
and situated in the temporal wrtion of the disc , and patches 
of pi^eni due to inclusion of retinal pigment epithelium 

Mention has already been made (p 399) of excess otjibreus 
tissue on Ike disc and extending a short distance along the 
vessels Sometimes the fibrous tissue takes the form of a 
debcate semi transparent membrane covering the disc and 
appearing to be slung from the vessels 



CHAPTER XrS. 

Symptomatic Disturbances of Vision 

Apart from tbe disturbinces of vision 17111011 have been 
already considered and have tbeir ongin m the eye itself, 
there are others dependent upon lesions in the vnsual nervous 
paths Smee they not infrequently closely simulate the dis- 
orders due to peripheral causes, or ate early evidence of disease, 
they lead the patient to consult an ophthalmic surgeon There 
ate also visual defects the cause and seat of which are im 
perfectly elucidated , though some are probably peripheral in 
ongm, it will be con\enient to consider them here 
Hemianopia (5yn« — lUmianopsta, Hemtopia) Hemianopia 
denotes loss of half of the field of vision The commonest 
clmical form is so called homonymous hmtanopa in which 
the nght or left half of the bmocular field of vision is lost, 
owing to loss of the temporal half of one field and the nasal 
half of the other The condition may be due to a lesion 
situated m any part of the visual paths from the occipital lobe 
to the chiasma A focus of disease in this area causes loss 
of vision of the corresponding halves of each retma (hence the 
designation homonymous), « e , loss of the opposite halves of 
the visual fields 

In most cases of hemianopia the fixation pomt of each eye 
escapes (Pig 220) This is probably due to two causes — 
widespread representation of the foveal region m the occipital 
lobe of the same side, owing to spread of the fibres of the 
papiUo macular bundle and of the corresponding neurones of 
the third order , and bilateral representation of each foveal 
region m each occipital lobe On Gordon Holmes and Lister s 
view of unilateral representation of the macula (nie p 75) 
the escape of the fixation point m vascular lesions is attributed 
to the fact that the occipital pole is supplied by branches of 
the posterior and middle cerebral arteries, and that both of 
these artenes are seldom blocked at the same time 
Lesions of the external gemculate body cause homonymous 
hemianopia , those limited to the pulvinar and superior 
colliculus do not Right hemianopia is much more quickly dis 
covered than left, owing to the fact that reading 13 impossible 
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Tio 220 —Charts o! fields oi TUion in liomODyiaous hemianopis. 

Cortical and Sub-corttcal Lenons. The majority' of cases of 
hemianopia are due to lesions abore the primary visual centres, 
usually in the occipital lobe or optic radiations. The mjury or 
disease rarely affects the grey matter of the occipital cortex 
only ; the sub-cortical white matter is almost invariably 
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involved The chief causes are injury by falls on the back of 
the head or gun shot wounds, cerebral tumour, cerebral 
Boftenmg due to syphilitic ox other disease of the blood vessels, 
&c In gun shot wounds both occipital lobes are not mfre 
quently injured There la usually unconsciousness from con 
cussion at first, with tbe gradual recovery the hemianopia 
becomes manifest If both lobes ate extensively injured there 
13 bilateral hemianopia with complete blindness Often, bow- 
ever, some portion of the cortex of one or other calcarine fissure 
escapes, and m these cases some measure of central vision is 
regained In leas extensive mjury the hemianopic symptoms 
may gradually improve The first sign of improvement is the 
perception of the movement of objects in the aSected field, 
the nature and details of the objects bemg as yet qmte un 
recogmsed The onset of hemianopia due to disease of the 
cortex IS more gradual, and careml mvcstigation with the 
penmetet shows that the colour fields are often lost before the 
field for white light, but the field for white is always contracted 
m these cases (Gordon Holmes) This h^machromaCopsia is 
Itself of gradual onset, the colour fields becoming contracted 
In cortical and sub-cortical lesions the pupil reactions are nor 
mal (vide p 59), and m many cases the umdi reveal no ophthal 
moscopic changes The chief exception to tbe latter statement 
IS m the case of tumours of the occipital lobe m which case the 
nse of intracramal pressure leads to bilateral papiUcedema 
Cortical lesions are bable to be accompanied by word bbndness 
probably due to involvement of tbe angular sjns ^Vben the 
lesion is m the posterior part of tbe internal capsule bemian 
testhesia, with or without hemiplegia, is likely to be present 
Bare cases of homonymous quadrant hemianopia have been 
reported, m which cotresponduig quadrants of each field — the 
upper or lower half of one temporal, and the upper or lower half 
of the other nasal — have been lost These are generally caused 
by cortical or sub-cortical partial lesions of one occipital lobe, 
destruction of the part above the calcarme fissure teadmg to 
lossof thelowerquadrantsandwceterrd 63and64show 

the probable representation of different portions of the field in 
the visual cortex according to Gordon Holmes and Lister 
Homonymous defects in the visual fields are found asso 
ciatcd with lesions of tbe temporal lobe owing to the fact that 
a ventral band of the optic radiations, the inferior longitudinal 
fasciculus, passes first forwards and then backwards m the 
temporal l^e m its course from the external geniculate body 
to the occipital lobe Partial hemianopia, i e , more or less 
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qo&drantic defects, are tlien commoner than the typical 
homonymous heimanopia , and the defect is usually greater 
on the side of the lesion Subjective sensations of smell arc 
an important symptom in these cases, and ate dne to the 
involvement of the uncinate process of the hippocampal gyrus 

Lesions of the Optic Tract In this case, smee the afferent 
pupillary fibres part company with the visual fibres before the 
latter enter the so-called primary optic centres — external 
geniculate body, pulvmar, and supenor colliculns {tide p 60) 
— ^Wermcke’s hermanopic pupil reaction should be present 
(ndc pp 61, 93) It must be remembered, however, that this 
reaction is always difficult to elicit, and with the methods 
usually employed is seldom conclusive More assistance m 
diagnosis is afforded by collateral symptoms The proximity 
of the crus cerehri, third and other cranial nerves, leads to 
not infrequent involvement m the pathological process The 
association of bcmianopia with contra lateral third nerve 
paralysis and ipsilateral hemiplegia suggests a tmet lesion 
It IS said that the fixation pomt docs not escape m tract 
hemianopia Partial atrophy of both optic nerves manifests 
itself by pallor of the discs in these cases, preceded in cases of 
raised intracranial pressure by papiUmdema The lesion is 
usually syphilitic meningitis or gamma, tubercle or tumour of 
the optic thalamus or tempoco-aphenoidal lobe , softening and 
bsmorrhage are tare 

Bitemporal hemtanopia is usually caused by disease of the 
pituitary body which then presses upon the chiasma, so that 
the fibres going to the nasal halves of each retina arc destroyed 
(Plate XX) 

Disease of the pituitary body may manifest itself m forms 
which are attributed to (1) hyperpilmtansm (2j hypopituitarism, 
and (3) dyspituitarism. The organ consists of a glandular antenor 
lobe, anti a postenor lobe, composed of nervous tissue, covered 
anteriorly by a glandular veneer, the pars intermedia The 
antenor lobe appears to be specially concerned with skeletal 
growth, the posterior, including the pars intermedia, with tissue 
metabolism, i e , over activity of the anterior lobe causes exces- 
sive growth m the bones , over activity of the posterior lobe leads 
m emamatinn. awl ^lyeaviEia. with. , dieij.TA-ihA'i 

of the postenor lobe leads to adiposity, sugar tolerance, sexual 
infantilism low pulse, low temperature ic (Cushing) Hyper 
pitmtansm in infancy causes gigantism, in later life acromegaly 
Hypopituitansm causes adiposity and persistence of skeletal and 
sexual infantilism when onginatmg in childhood, adiposity and 
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reversioa to eoxnal infantUism, with development of femimne 
characteristics ia the male, when originating m the adult {Froh- 
Iich'B syndrome). Hyperpitoitarism often gradually gives place 
to hypopitmtarJsm ; mixed or transUton cases exmbit features 
of both states (dy&pituitarism). The adiposity associated with 
defective action of the posterior lobe ia accompanied br excessive 



Fio, S3i.— 'Ant«ro>po<tener section of eelia Turcics Pit, J3,, pjtai 

tary body. Sph., apbeooid. CAt , ehiums. 




Fio. 222 — Transverae eection of sella Turctea P«l B , pituitary 
b^y. Sph., ephcnoid Ci»t> S., caTemous smug Tor A , in- 
tcraal carotid artery ///, IV, VI, tfaird, fourth and sixth nerres 
Ti, r*. V), first, eecood aad tbinl dinsiona of the fifth nerve. 

sugar tolerance, t c , 300 or 400 gras of glucose or lipvuloae can be 
assimilated without the develqiment of glycosuria, whereas about 
100 gms. J3 the normal amount. There is reason to think that 
some of the symptoms, eg., somnolence, adiposity, low tempera- 
ture and possibly seraial impotence, are to be attributed to dis- 
order of theneighbouriag hypothalamus rather than to thepjtuitary 
gland itself. Changes in the pituitary body are accompanied by 
changes in other ductless glands, au^ ns the thyroid, pancreas, 
testicles and ovaries. 
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Enlargemcnl ol the pituitaiy body, v;hethet {torn fvmcUonal 
hyperplasia, adenoma, or malignaot growth, leads to \nsual 
defects m about 80 per cent of cases (Cushmg), due to pressure 
upon the chiasma, trbich lies immediately above it (Figs 221, 
222), and upon the inner sides of the optic tracts The 
earliest visual symptom is unilateml central scotoma, simu 
latmg retrobulbar neuritis (Ncttleship), for one side is usuallv 
compressed before the other This may be followed bj 
homonymous hcmianopia from pressure on one tract, or rarely 
by aUtludtnal hemtanopia, t e , loss of the upper or more rarely 
lower halves of the fields, from pressure upon the chiasma , 
early loss m the upper half of the field may be caused by mtra 
or extra cellar tumours , early loss in tbe lower half is in 
favour of a supra sellar tumour (Brouwer) Sfote commonly 
temporal bemiacbromatopsa, passing into a complete hcmian* 
opia, supervenes The field does not show the accurate 
delumtation characteristic of homonymous hemianopia, but 
gradually contracts from tbe temporal side inwards and from 
above downwards, finally involving the nasal field from 
below upwards sod leading to complete blindness m the eve 
afiected (Plate XX) Then, or at a much earber stage, the 
vision of the other eye becomes affected m a simQar manner 
If the second eye becomes affected before \n8ion is lost in the 
first the fields show bitemporal hemianopia, but one eye is 
almost mvanably more affected than the other, owing to the 
asymmetry of the growth Complete temporal hemianopia in 
one eye, for example, may be associated with temporal aebro* 
matopsia in the other Such cases emphasise the importance 
of charting the colonc fields in all cases A considerable pro- 
portion of cases show homonymous hemianopia, due to pressure 
and traction on one optic tract Vanations m the progress of 
the visual defect are not uncommon In some cases headache 
disappears other symptoms arc ameliorated, and the vision 
ceases to deteriorate Some of these cases are probably to be 
attributed to cysts which have ruptured spontaneously 
If one eye is blind the history may reveal the fact that tbe 
field was Icet earliest on tbe outer side. In cases of acromegaly, 
the enlargement of tbe law and characteristic facies, the large 
hands, the loss of sexual des«e, and the presence of unpotente 
or amenorrhcca, render the diagnosis easy Tumours of the 
hypophysis are less readily diagnosed but here also loss of 
sexual power is usually an early symptom, often accompanied 
by excessive subcutaneous fat In all cases a sbagram of the 
skull should be taken , the sella Turcica will be found often 
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though by no means mvatiably, enlarged Associated signs 
are slight proptosis and pataljaw of ocular nerves, generally 
the first division of the fifth, causing pam, and the third nerve 
This 13 of diagnostic importimce, smce the sixth nerve is more 
commonly afiected m intracranial lesions As already men 
tioned, Pisher regards Leber’s disease {tnde p 397) as probably 
due to pituitansm 

Some cases improve when treated with thyroid extract 
others with pitnitaxy extract, but spontaneous vanations in 
the amount of visual defect ate common Usually the cases 
come under observation at a late stage when over activity has 
given place to insufficiency CJonsequently, treatment with 
active extracts of the gland or of the anterior lobe is mdicated 
If, as IS usual, the progress of the visual defect remams unmiti- 
gated the question of operation arises, since otherwise total 
mmdness from optic atrophy is mevitable The transfrontal 
route IS preferrea by neuro surgeons, and mortality has been 
much decreased by unproved technique Death may occur 
from post-operative hyperpyrexia 

Sitemporal hcmmnopia is occasionally due to basal syphilitio 
mfiammation, or disease of the sphenoid It has also resulted 
from anteio postenoc rupture of the chiasma in fracture of the 
base of the sloiU 

Binasal lumianopta is very tote, if, mdeed, it can be said to 
occur at all m typical form It necessitates two lesions, one on 
each side of the chiasma, destroying the fibres to the temporal 
halves of each retma while leaving the nasal fibres mtact In 
cases which hav e been reported there has usually been increased 
intracranial pressure with choked discs, and the condition has 
been attributed to distension of the third ventricle, causing 
the optic nerves to be pressed downwards and outwards against 
the mteraal carotids Other cases have been referred to 
atheroma of the carotids or postenor communicating arteries 

Cases have been described m which there has been loss of 
half of one field and general blurring or amblyopia of the 
whole of the other In some of these cases a lesion has been 
.fmmd/ioatmiQCtein-mvfllviqf jone.occioital-ldhfijind .extend ujp 
into the angular gyrus Heteronymoiis amblyopta has therefore 
been ascnbed to lesion of the angular gyrus It is probable 
that this 13 merely a survival of tiie erroneous idea that the 
cortical representation of vision, is m the angular gyrus It is 
probable that this gyrus has to do with visual conceptions, « e , 
mental visual impressions of a higher order than the perceptions 
represented m the occipital cort^ 
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Amblyopia (afiffXv^ blunt) and Amaurosis {afiavpo<:, dark) 
are the terms used for partial and complete loss of Bight 
respecti\ely in one or both eyes They are not used of all 
cases of partial or complete blindness, but hare become 
restricted to certain forms of a more or less mdefinite character 
de\oid of ophthalmoscopic or other marked objective signs 
Unilateral amblyopia is usually either congentlal (tide p C71) 
or from psychical suppression of the retinal image — amblyopia 
cxanopsta(vide'p 571) these varieties are discussed elsewhere 
Unilateral amblyopia may be due to high xefractn e errors in 
the eye It is then not a true amblyopia, since correction with 
suitable glasses in early life cures the condition if sulFicient 
perseverance is evercised In older people glasses often fail 
this may be attnbuted either to the development of a true 
amblyopia from disuse or, more probablv, to defective recep- 
tivity of the higher centres Unilateral amblyopia is al«o a 
symptom of retrobulbar neuritis (q t ) 

Bilateral amblyopia is found m the vanous forms of tosie 
amblyopia (j t ) Bilsteml amaurosis occurs m mwmia and m 
meningitis Both amblyopia and amaurosis occur in bj'stena 
Uramic Amaurorti occuw particularly m acute ncphntis, 
eg ,in pregnancy, after scarlet fever, «kc , but is aUo found with 
chrome nephritis The onset of blmdness is sudden or rapid 
(8-24 hours) , it is bilateral and complete The fundi show no 
changes unless as m some cases there is a comcident albu* 
miDuno retinitis Vision usually impro\es m 10-18 hours, 
and 13 fully restored m about 48 hours, especially if a lumbar 
puncture is done In cases dunng pregnancy there is usually 
eclampsia In urtcmic amaurosis the pupils are dilated, but 
usually react to hgbt It is probably due to circulation of tovic 
material which acts upon the cells of the visual centres The 
retamed reaction of the pupils to hght shows that the lower 
centres are rclatiiely immune Exophthalmos Bomctimes 
occurs in cases of nephritis m which uncmia is present or 
imminent, and may therefore be of some prognostic significance 
It 13 accompamed by pom and lumtatioa of movement of the 
eyes, and is probably due to trdema of the orbital tissues 
Ilyslertcal amblyopia as might be expected, exhibits protean 
mamfestattons It may be unilateral but is more commonly 
bilateral There is usually concentnc contraction of the fields, 
mtb or without colour defects A spiral field is very charac- 
teristic, * e , the field contmually diminishes while it is bemg 
taken, so that it may be finally limited to the fixation point 
The patients, however, get abont perfectly well nmidcd, an 
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impossibility m cases of genuine highly contracted fields (vide 
p 347) The condition is sometimes called anesthesia of the 
letma an undesirable designation Sometimes there are 
irritative symptoms — blepharospasm, blinking, lacrymation, 
&,c — hypcKesthcsia of the retina The pupillary reactions are 
perfect, affordmg an invaluable objective diagnostic sign The 
prognosis in hysterical amblyopia is good, though treatment is 
usually tedious The chief difficulty consists m elunmatmg 
organic disease, such as retrobulbar neuntis, injury, embolism 
of the central artery of the retma, ayiupathetic ophthalmia, 
and so on 

Amaurosis /u^raj! is a term given to sudden temporary failure 
of sight and is a symptomatic condition due to vanous causes 
In its simplest form it occurs m normal people on rising sud 
denly from the sitting or recumbent to the upnght posture. 
It IB then due to the effects of gravity upon the blood and 
is merely momentary, accompanied by sbgbt gjddmess and 
even famtness Transient blindness, seldom complete, occurs as 
a prodromal symptom of obstruction of the central artery of 
the retina, and is probably due to spasm of the arteries or to 
the eSects of changes m blood pressure associated vnth arteno 
sclerosis It has been met with m people with mild signs of 
Raynaud’s disease Temporary amblyopia also occurs m 
migraine (y v ) and m early stages of papiilcedema (7 v ) from 
increased intracramal pressure 

ScinitlJaUng Scotomata of vanous lands occur in migraine 
In. typical migraine the patient feels unusually well before the 
attack A positive scotoma appears m the field of vision , 
while obscuring sight it has a peculiar shimmering character 
It gradually increases m size until predominantly one half of 
the field is clouded, the fixation point remaining relatnely 
clear In the dark field there are often seen bnght spots and 
rays of vanous colours, and these are often arranged m zig zags 
and are then called fortification spectra (teichopsia) Both half 
fields ore often affected, so that there is homonymous hemian 
opia In other cases the whole field becomes clouded, but 
usually even so the fixation jiomt is seen momentarily, and 
then becomes obscured until the eyes are moved to a fresh 
spot Vision usually clears m about a quarter of an hour 
The attack xs soon followed by violent headache, generally 
limited to the opposite aide of the head to the hemianopic field 
(hemtcrania), and accompamed by nausea and even sickness 
(“bihous attack”) Dunr^ the attack there is frequentlv 
numbness m the mouth and tongue and slight aphasia Attacks 
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occur periodically, but vary greatly m number and seventy 
In mild attacks the scotoma or slight aphasia may occur 
without the headache and tice ttrsd In older persons subject 
to migraine only parts of the typical attack may occur, e g , 
the scotoma with httle headache, or a migrainous headache 
without scotoma 

Higraine is to be attnbuted to va* 0 'motor changes in the 
brain Vaso-dilatation, associated with a feeling of well 
being, 13 followed by vaso-constnction, especially in the 
occipital lobes There is often a copious secretion of nrme of 
low specific gravity during the attack Constriction of the 
retinal artenes has been desenbed durmg the scotomatous 
stage, but it is very doubtful if it ever occurs 

lligraine occurs chiefly m highly strung people and is 
undoubtedly accentuated, if not caused, by chrome forms of 
penpheral nerve imtation especially such as are due to 
astigmatism, amsomctropia &c Many cases but by no 
means all ha\e been cured by accurate correction of the errors 
of refraction and the wearmg of suitable glasses A sedentary 

life, with constipation and insufficient exercise, conduces to the 
attacks Rest, warmth, and sleep are the best cures for the 
actual attacks They can sometimes be warded oS or alle^ latcd 
by aspirm or ergotarmc tartrate tablets ^Nitroglycerin or 
am^l nitntc have been used, but arc not reliable cures 
Occasionally people who sailer from ordinary migraine have 
attacks in which, without any scotoma the headache is followed 
by partial paralysis of the tbud nerve (ophthalmoplegic rntgraine) 
on the same side as the bemicrania SLght ptosis, diplopia and 
sluggishness of the pupil reactions continue for some hours and 
grsduaUy disappear The paresis is worse and persists longer 
with succeeding attacks, and has sometimes eventually become 
permanent Probably most of these cases are not migrainous, but 
dne to some organic nerve lesion, e g , pressure on the nerv c by 
a congenital aneurysm of the circle of Vi dlis, and some of the 
patients have died from subarachnoid hxmonhage (vide p C07) 
Night-blindness occurs par excellence in retinitis pigmentosa 
(^r) and m xerophthalmia (gv) In rare coses it is a 
farmbal congemtal affection It is also found in endemic 
lorm, especiaYiy after exposure to bngbt aunfigut in hot 
conntnes, e g , amongst soldiers and sailors The patients are 
usually overwrought, as by long marching or debilitated, as bv 
scurvy, fasting m Lent, Ac The condition generall} improves 
rapidly if the eyes are protected and the nutrition attended to 
The affection is purely local, due to ahnoimal retinal fatigue. 
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as IS stown by the fact that covcnDg oae eye wjtb a bandage 
danng the day has been found to testore sight enough for the 
ensuing night’s watch on board ship, the unprotected eye 
lemaitung as bad as ever Night*blmdness is to be attributed 
to interference with the functions of the retinal rods, due to 
deficiency in visual purple (Tanslcy) In xerophtbalinja and 
the endemic cases the symptom is a mamfcstation of deficiency 
of fafc*soluble ntamm A in the diet, and therefore cod hier oil 
is specially indicated It also occurs in diseases of the liver, 
cspcctally cinhosia Soldiers often complain of it, but not 
infrequently it is a functional nervous disorder in these cases, 
associated with other symptoms of neurosis or malingermg 
Oay>blmdness occurs m some c^es of congenital amblyopia 
It also occurs in all cases of reflex blepharospasm In less 
noticeable form it occurs in lesions affecting the conducting 
paths of visual impulses, such as tobacco amblyopia, retro* 
Dulbat neuritis, and the early stages of optic atrophy Patients 
suffenne from these disorders often see relatively, and some- 
times absolutely, better in a dull than in a bright light 
Coloured Vision is sometimes complamed of, and red is the 
colour usually noticed Ertfthroj>s%a occurs particularly oftcr 
cataract extraction if the eyes are exposed to bright light and 
are over strained In these cases it may persist for Be\ cral 
hours or days Objects look red, but the visual acuity is not 
affected, and no permanent damage results Patients should 
bo warned of the possibihty of er^hropsia, as it is somewhat 
alarming and suggestive of htemonrhage It is met with also 
in snow bbndness Red vision is sometimes complained of by 
neurotic hypermetropic children Chromatopsia also occurs 
ID some CMes during the resolution of optic ncuntia when the 
ensuing atrophy is not complete In normal people black 
pnnt will sometimes suddenly turn deep red this is due to 
strong lateral light entenng the eye through the sclerotic 
Metamoiphopsia , Micropsia , Macropsia or Megalopsia , 
Photopsia {Vide pp 337, 351) 

Muscie volitantes (wife p 328) 

Colour Blindness or Achromatopsia may be congenital or 
acquired Acquired colour Mtndncs®, partial as in cases with 
rclatiic scotomata or complete as in disease of the optic 
nerve, has been referred to incidentally in treating of the 
% aiious disorders of the eye m which it occurs It may also 
be a symptom of disease of the central nervous system, espe 
cially pernaps the lowest parts of the occipital cortex In 
most diseases of the retina and choroid, e g , detached retina, 
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changes in colour perception affect mostlj the bine end of the 
Bpectoiin- Slight diminution in acnity of perception of these 
rays is caixsed normally, owing to their physical absorption, by 
the increase of amber pigment in the nucleus of the lens (Whc 
blindness), and this may be abnormally great in sclerosing 
lenses (black cataract). It has been sairf^ to affect the pictures 
of artists in their old age (Liebreich). Slight absorption of rap 
of short ware-length is norma) at the macula, owing to the 
yellow pigment present here ; it varies in different individuals. 

Congenital Colour Blindness occurs in two chief forms, total 
and partial. The former is very rare and is alwap associated 
with nptagmus and a central scotoma. All colours appear 
grey, of different brightness. The spectrum appears as a grey 
band exactly like the normal scotopic spectrum (vide p. C8), 
and like it with the maximum brightness at 530 pp. It does 
not change, except in increase of bnghtneas, when the intensity 
is increased, but at moderately high intensity photophobia 
occurs. It is probable that total colour blindness is caused by 
defective development of cooes or their complete absence. 

The partial form is seldom discovered unless specially tested 
for, since the subjects compensate for their defect by attention 
to shade and te.'cturc, comWed with experience. Oross cases 
occur in 3 to 4 per cent, of males, but are rare in females 
(0*4 per cent.) ; slighter cases are quite common in males. 
It is an inherited condition, being transmitted through 
the female, who is usually unaffectw. In most cases r^s 
and greens are confused, so that the defect causes grave 
danger in certain occupations, e.g., radway signalmen, engine- 
drivers, and sailors. The red-green cases fall into two chief 
groups, protanopes and deuteranopcs. For the former the red 
end of the spectrum is much less bright than for normal people 
and is often actually shortened. These groups are explained 
on the Young-Helniholtz theory by the hypothesis that one 
of the primary sensations (vide p, 09) is lacking. They are 
therefore often said to have dichromatic vision. In the pro- 
tanopes the so-called red sensation is said to be absent, and 
they are called red-blind ; in the deuteranopes the green 
sensation is absent and they are called green-blind. On 
thftdty bath, axe. va.'dftt.iftc ced-peeo. y.i.iA- 

ness, which is explained as due to absence of the red-green 
substance (vide p. 69). In both groups the defects may not 
be complete and these cases are called protanomalous and 
deuteranomalous respectively. Since, on the Young-Hclm- 
boltz theory, all three sensations are represented, though one 
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IS defective, these are said to have anomalous trichromatic 
vision It 13 clear that theoretically there might be other 
cases of colour blindness due to absence of the blue sensation 
or the blue-yellow Buhstance, and such have been described, 
but are very rare (tntanopes) 

There are two objects to be aimed at m testmg for colour 
blmdness (1) the exact scientific nature of the defect , (2) 
whether the subject is hkely to be a source of danger to the 
community The first is e-diaustiie and may be the only 
means of arriving at the second, especially m the anomalous 
trichromats In the more difficult cases besides the simpler 
tests, mote stringent tests with a pure spectrum must be 
employed In them only those of large experience will gather 
any useful mformation from the names given by the subject 
to various colours for these are named cmefly by reference to 
their various brightnesses and the answers appear to be quite 
inconsistent In testmg for danger only, it is obvious that the 
names given to the coJoars are of value, for if a man repeatedly 
calls red green or vice versd he is clearly unsmted to be an 
engine driver or look out man on a ship 

AlTiafcever the object m view, seieraJ tests should be em 
ployed For the spectrum tests the student must be referred 
to special monogtapbs on colour vision The following are the 
chief other tests 

(1) The lantern Test The subject names various colours 
shown by a lantern, and is judged by the mistakes he makes 
Much here depends upon the size of the apertures of the 
lantern (t e , the size of the retinal areas stimulated) and the 
nature and intensity of the bghfc source Many lanterns are 
worse than useless The best is that used by the Board of 
Trade which has now been adapted to electric fight Edridge 
Green’s lantern is efficient if used by an expert 

(2) HohnffTen’s TTools These consist of a large selection of 
skeins of coloured wools, and the candidate is required to make 
a senes of colour matches 

Test I consists in presenting to the candidate a pale green 
sample and telling iim to select bom the hna^ of woole all 
those which seem to conespond m colour If he is colour bhnd 
he will probably select several o! the “ confusion colours ” 
— greys, bufis straw colour, io — as well as greens He is 
next given a rose colour (H ) if he matches this with blues 
or violets he is red bhnd , if with greys or greens he is green 
blind Heisthengivenabnghtr^skemflU) if he is red 
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blina he will choose dark greens and brovras, if green blind 
pale greens and browns Sir AVilhaca. Abney has recommended 
the addition of two other tests W is a purple skein if the 
candidate is colour blind he will probably select any shade of 
blue or green, also pmks and greys V is a yellow skein the 
colour blind candidate will probably select greemsh yellows, 
hght yellow greens, fawns and pinks In blue-blmdness 
purples, red and orange are confused m test II 

Holm^en’s wools have been much cnticised, but if the tests 
are properly earned out gross defects of colour \usion are easily 
recognised and an expert will be put on his guard in almost 
every case of even minor defect. 

(3) StHUng's Tats These consist of coloured Utbographic 
plates, m which bold numerals are represented m dots of 
various tmts set amid dots of thesame size but of tmts which are 
most readily confused with those of the figures by colour hhnd 
people Normal tnehromats can easily read the numbers, some 
ofwbchareindistmguLshabletothevanoustypesofcolouT blind 
Ishihara’s tests are a modificabon and, m some resmets, an 
improvement on Stdlmg’a they include tests m s^ich the 
numbers can be read by the colour blind but not by the normal 
sighted 

(i) Eagels AMmaUscope This is an instnimciit m which 
on loolong down a telescope a bnght disc is seen, divided into 
two halves by a honzontaf fine One half is lUununatcd by 
hght of the sodium hne of the spectrum (yellow), and this has 
to he matched by a mixture of red (hthium hne) and green 
(thallium Ime) m the other half By turning a screw the reh 
tive amounts of red and green m toe mixture can be varied 
By turning another screw the brightness can be v aried 

Defects of colour vision have Ira to much acrimonious dis 
cussion Their detection may be easy, but is often difficult 
No theory which has yet been brought forward is wholly 
satisfactory, and no single test is lofalUble 

Malingering Cases occasionally occur of men who hope to 
gam some advantage by pretendmg to be blind It is rare for 
complete blindness to be assumed, and such cases can only be 
detected by constant watching of the person’s bebavuour 
When one eye is said to be bhnd, in spite of absence of sufficient 
objective evidence to account for the condition, the demonstra 
tion of malingering resolves itself into a contest of wits between 
the surgeon and the individual Many tests has e been devised, 
and several should be employed m each case 
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(1) A lovr concive or convex gl^s (0 25 D) 15 placed before 
the “ blind ” eye, and a hi^ convex (-f 10 D) before the 

good " eye, and the examinee is told to read the distant 
types If he succeeds malmgermg is proved 

(2) A pnsm is placed base downwards before the " good " 
eye and the examinee is told to look at a candle If he admits 
to seemg two candles mahngenng is proved 

(3) The surgeon stands behind the patient and covers the 
“ blind ” eye with his hand at the same time holdmg a prism 
of 10 degrees base down before the “ good ” eye m such a 
manner that the edge of the pnsm passes horirontally across 
the centre of the pupil Uniocular diplopia results The 
surgeon then simultaneously removes nis hand from the 
" blind ” eye and shifts the pnsm upwards so that the whole 
pupil 13 covered by it If the examinee still admits to seeing 
two candles malmgenng is proved 

(4) WTule the examinee looks at a candle a pnsm of 10 
degrees is placed base outwards before the “ blind ” eye If 
the eye moves inwards in order to ehmmate diplopia it is not 
blind 

(6) Snellen’s coloured types may be employed The letters 
are printed in green and If a red glass is placed before 
the " good ” eye, and the patient reads all the letters the other 
eye is not blind, for the eye looking through the ted glass can 
only see the red letters Care must be taken m this test that 
the red glass cuts off all the rays from the green letters as tested 
by the surgeon’s own vision 

Word-bJmdness occurs as a not very uncommon congemtal 
defect — 0 1 per cent of elementary school children (Thomas) 
It IS much commoner m boys than girls Owing to backward 
ness m learning to read the children are often brought to the 
ophthalmic surgeon, %us«al defect being suspected In spite 
of normal fundi and often quite normal acuity of vision, the 
patients fail to recognise pnnted or written words The 
auditory memory of words is unimpaired, and generally 
numerals and music can be read Hence the patients learn well 
orally, and are good at arithmetic They are often quite intelh 
gent and may be wrongly punished for mattention and stu 
pidity The condition sometimes runs in families The defect 
IS not necessarily complete and much improvement can be 
obtained by careful individual tuition and perseverance 
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CHAPTER XX 
Intra^-Ocular Tumours 

Ivnu OCULAR tumouis are rare, but of great importance, 
since they are usually mabgnant and endanger the life of the 
patient 

Tumours of the Ins Sarcoma of the ms is extremely rare 
It 13 not uncommon to see indes with dark brown spots 
(metanoroata) due to congenital aggregations of letmal pig 
ment epithelium. As a rule these are benign, but occasionally 
they take on mabgnant probferation Amy increase of size 
must be watched with suspicion True sarcoma, composed ol 
pigmented or unpigraenled spindle-shaped or round cells, occur* 
as an isolated n<MuIe It grows rapidly, and if left attacks the 
corneo-sclera and perforates the globe It gives nse to meU 
Stases from which the patient dies 

Although It IS the only new powth of importance met with 
in the ms it may be diagnosed from gumma ot tubercle only 
with diiHculty The chief pomts of difference are the absence 
of indammatioQ as shown by synechia, Ac , the absence o! 
satelbtes, the frequency of pigmentation, and the rapid increase 
in size 

Treatment The growth should be watched for b short time 
and if found to increase m size should be removed by indec 
tomy if this is feasible The specimen is subjected to expert 
microscopic mi estigation If the growth is mabgnant and has 
not been completely lemoved or shows signs of recurrence the 
ej e must be excised at once , if completely remoi ed the 
prognosis is good 

Sarcoma of (he Choroid is not so rare as sarcoma of the ins 
The growth arises from mabgnant proliferation of the stroma 
cells of the outer layers It forms at first a lens shaped mass 
raising the retma over it By the process of growth increased 
tension is tirown wpoa tie ecssta; raerairaatf <s{ Brvici, wiicfr 
finally ruptures The cells then proliferate through tlie opening 
and form a globular “ head ” m the subretmal space, separated 
from the mass in the choroid by a narrow “ neck ” (Fig 22 J) 
The retina remains in contact with the tumour at the summit 
of the head, but is detached bom the choroid at the sides, the 
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intervening space being filled with albuminous fluid The 
growth may be m any situation, and the fluid may sink down 
to the lowest part of the eye, fonnuig there a “ simple ’ detach 
ment isolated from that over the tumour As the tumour 
progresses the retina is more and more detached, until no part 
remains tn sttu The nutntion of the lens then suffers, so that 
It becomes opaque The tumour may fill the globe before 
perforating the sclerotic, or this may occur relatively early 
along the penvascular spaces of the \ortev veins or ciliary 
vessels The orbital tissues then become infiltrated The 



FiO 323— Section of earconta of th« choroKi (x (1) showing the tTpical 
moshroom shape Ck , para plana of ciliary body contmuoua po^ 
tenorly with the choroid behind H, retina 

lymphatic glands are not affected, but metastases occur m the 
Ii\er and elsewhere 

The growth is usually pigment^ — amelanotic sarcoma , 
rarelj unpigmented — leucosarcoma The cells are usually 
spmdle shaped They may be cylindrical or palisade like, 
arranged in columns, or around blood vessels (angiosarcoma), 
or the cells mav be endothelial Most sarcomata ere mixed 
celled Sliver staimng reveals a vanabfe amount ofargyrophil'e 
“ reticuhn ” fibres, generally most m spmdle celled sarcomata 
There is evidence that those with moat reticulm are least 
malignant 

Evidence has recently been brought forward to show that 
sarcomata of the eye ace derived from the cells of the sheaths of 
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Schwann of the ciliary nerves (ef p 645) As these are ectodermal 
in ongin the growths are now often called maltgnani mdanomala 
Even if this origin is confirmed the name is ill-chosen, smec the 
growths are not always pigmented 

The course of sarcoma of the choroid is commonly divided 
into four stages (1) the quiescent stage , (2) the glauco 
matous stage, (3) the stage of extra-ocular eaiension, (4) the 
stage of metastasis This is probably the typical chronological 
order of events, but secondary glaucoma may arise at a very 
early stage or be delayed until after ertra-oculat extension has 
taken place, and there is evidence to show that metasta«es may 
occur at an early stage 

The cause of the glaucoma is obscure m most caoes it is 
due to the lens and ms being forced forwards, so that the angle 
of the anterior chamber becomes blocked In other cases 
particularly those of early onset, obstruction to the venous out 
flow from the eye is the probable explanation, the tumour being 
in some instances so sitaated as to press upon a % ortez vein 

Sarcoma of the choroid usually occurs m adults between 
forty and sixty It is always primary, smgle, and unilateral 
The patient may come under observation m the early stage 
when there is only detachment of the retma The earliest 
cases to seek advice are those m which the tumour is near the 
macula, smee vision is then most strikingly aflected In other 
cases the tumour has usually attamed a considerable size, and 
the patient may apply for treatment for relief of the pain of 
glaucoma 

It is of the utmost importance that the cause of the detach 
ment of the retma should be diagnosed m these coses Wc 
have already seen that “simple” detachment of the retina 
IS most frequently foimd m myopic eyes or after a blow, though 
many cases are apparently ‘ idiopathic ” In simple detach 
ment the lower part of the retma is usually affected, though not 
always There is therefore presumptive evidence — of only 
slight weight — that a detachment in the upper part is due to a 
tumour of the choroid In detachments of considerable size 
the tension of the eye 1 $ normal or subnormal m the absence of 
a growth , if the tension is raised quite definitely a growth ma} 
be diagnosed almost witii certainty A simpte detachment 
shows numerous, more or less parallel, folds, and undulations 
can be seen to tra\ el over the surface when the eye mov es Tlic 
detachment at the summit of a tumour is usually rounded and 
fixed, though m the surrounding parts it may show all the signs . 
of n ‘ simple detachment Patches of pigment upon the ^ 
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rounded part support the diagnosis ol a tumour, but pigment 
disturbance, more particularly at the periphery, is not uncom 
mon in simple detncbment Rarely a system of blood vessels 
liaimg an entirely different mode of distribution from the 
retinal \e<^sels can bemadcoutbetaeenthclattervessels This 
IS the most positiie evidence of growth, but it is only occa 
sionally seen A very small, round detachment in the macular 
region or upper part of the globe js almost certain to be due 
to a tumour of the choroid If the detachment is sufSciently 
antcnor, tmnsiUumination with a apecially de%used lamp mil 
afford assistance in diagnosis After anmsthetisiug the ej e and 
dilating the pupil vath homatropmethe minute lamp is placed 
in contact with the eyeball as nearly os possible over the 
situation of the grovrth and the pupil observed m the dark room 
In cases of doubt when the suspected neoplasm is situated 
behind the equator it is justifiable to mcise the conjunctiva and 
Tenon’s capsule and pass posteriorly o\ er the sclera a speciallj 
constructcdsmaUtransillummationlatDptothesiteofthegTOivth 
A simple detachment is transparent, a choroidal growth opaque 

Diagnosis may be extremely difficult if the patient is first 
seen when glaucoma has alrcadv 5uper>ened Dependence 
must then be placed largely upon the history Defective vision 
may hav c been noticed, but the premomtoiy baloes of glaucoma 
have been absent, and vision has gone from bad to worse 
without remissions One eye only is involved The other may 
be perfectly nonnal, or at least not of the glaucomatous type 
with small cornea and so on, and the field of vision m this eye 
will show no contraction on the nasal side The affected eye 
will probably have no perception of light, so that if any doubt 
remains it should be cxcise<l 

Trealmeni The eye should be excised as soon as possible 
after arriving at the diagnosis Although sarcoma of the 
choroid rarely travels down the ner\ o, it is wise to cut it as long 
as may be If the growth has already burst through the globe 
the orbit should be exenterated, or irradiated with X-raya or 
radium ‘When the affected eye is the only seeing eye the 
choice of excision or treatment bj auturuig radon seeds to the 
scicn ov or the siti, of tlie neoplasm (tadc p 425) should be put 
before the patient 

The disease is invariably fatal, usually witbin five years, if 
not eradicated by operation znetastases may be delayed for 
ten years or more Prognosis is fair if the tumour is small 
and entirely intraocular especially if it contains much reticulm 
(tide p 419) 
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Flat Sarcoma of the Choroid In rare ca«cs the choroid 
becomes inGltrated with sarcoma cells which caose a uniform 
thickening and shallow ‘ detaclimeot ’* of the retina Thc'e are 
probably endotheliomatous, spreadicg along the lymphatic spaces 
of the choroid id the same manner as secondary carcinoma (j i ) 
Sarcoma of the Ciliary Body is fundamentally of the same 
nature and gi\ es nse to the same symptoms ns sarcoma of the 
choroid the difierences being only tho«e dependent upon the 
anatomical disposition of the parts Thus the retina being 
here more adherent to the imdetlynng uvea, and bemg reduced 
to a double layer of epithelial cells, is not detached UTitn the 
growth has spread to the choroid the retina proper becomes 
detached The tumour may attain considerable size before it 
causes symptoms, which are then referalile to displacement or 
distortion of the lens and interference uith the ciliarj muscle 
The ciliary circulation is impeded, and conspicuous dilatation 
of one or two anterior perforatum ciliary \essels should always 
arouse suspicion The growth may inN-adc the angle of tlie 
antenor chamber It then has the appeannee of so iridodia 
lysis a dark crescent shomng at the root of the ms That it 
IS not an indodialysis is shown by the fact that no reflex can 
be obtained through it on lUuminaticg \nth the ophtbalmo* 
scopic mirror and from the absence of history of a blow In 
the case of a leucosarcoma the crescent may be yellowish but 
vessels will usually be visible upon the surface, and these 
render the diagnosis easy The growth may be visible by 
oblique illumination with a widely dilated pupil, and is 
opaque to transiUuminatioD 

Sarcoma of the ciliary body is less common than that of the 
choroid The treatment and prognosis are the same 
Ring or Annular Sarcoma of the Ciliary Body re<embIos flat 
sarcoma of the choroid m its inhltratiog character It is very rare 
Secondary Carcinoma of the Choroid occurs sometimes in late 
stages of setrrhus of the breast, more rarely in cancer of other 
organs There is obscuration of vision and ophthalmoscopic 
examination reveals a w^dp8p^ead shallow detachment of the 
retma, usually at the postenor pole The disease is nearly 
always biJateral, and ns it is usuallv only one of many roetn 
static deposits and the patient is cenerolly m the last stages of 
genera! carcmomatosis no special treatment is indicated 
Glioma of the Retina (Syfts — l^euro-epilMiottia retina 
Reiinoblasto7na, Ectinoq/toma) is a malignant disease hav^^g 
no relationship whatev er to ‘‘ gboma ” of the central nervous 
system It is confined to infants, and is probably alwavs 
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con^emtaJ, though it may remain quiescent or pass unnoticed 
until the fifth ot sixth year or even later The disease is rare , 
the second eye is affected, independently and not by meta 
stasis, in about one fourth of tne cases, hut frequently the 
growth cannot be recognised even on careful examination 
until after months or even years Several children of the 
same family are sometimes affected 

The child is brought to the surgeon on account of a peculiar 
yellow reflex from the pupil sometimes called “ amaurotic 
cat’s eye ” If left untreated glioma runs through the same 
stages as sarcoma of the choroid, viz , (1) the quiescent stage , 
(2) the glaucomatous stage , (3) the stage of extra ocular 
extension , (4) the stage of metastasis The second stage 
results in ezdargement of the globe, with apparent or real 
exophthalmos Pam is severe during this stage, but is relieved 
when the tumour bursts through the sclerotic Perforation 
often occurs at the limbus and is followed by rapidly fun 
gating growth Metastasis first occurs m the preauriculat and 
neighbouring glands, later in the cranial and other bones 
Direct extension by continuity to the optic nerve (which is 
early affected] and brain is commoner, and metastases m other 
organs usually the liver, are relatively rare {cf Sarcoma of 
the Choroid) In most cases the first stage lasts from six 
months to a year 

The growth consists chiefly of small round cells with large 
nuclei resembling the cells of the nuclear layers of the retina , 
masses of these stain badly showing that they are undergoing 
necrosis (Pig 224) Among them may be found rosette Iihe 
formations of cells resembling the rods and cones Such 
rosettes are also found in microphthalmia, and have been 
produced in embryonic eyes by irradiation and by trephmmg 
undeveloped rats eyes (Tinsley) The growth probably 
originates m an island of undifferentiated embryonic retma 
which has failed to develop normally 

It 13 a disease stii generis and as already mentioned, 
bears no resemblance to glioma of the brain from which 
it must be carefully distinguished It probably originates in 
feetaf, undifferenfiafed refinaf cefis when the other eye is 
affected it is a separate focus and not an extension tiS the 
chiasma It is invanably multiple (cf Sarcoma of the Choroid) 
IVhen seen very early, as for example in the second eye a 
larger mass is seen surrounded by numerous punctate satellites 
Microscopically, minute deposits are seen scattered in vanous 
situations throughout the globe It may grow prmcipally 
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outwards, separating the retina from the choroid (ffltonui 
exop^t/tum), or inwards towards the vitreous (glioma cndo- 
ph^um). There is no fundamental distinction, bnt the 
opbtbalmoscopicappearancesdifferm the two tj^ics In the 
former the condition resembles a mere detachment of the 
retina , m the latter polypoid masses may be seen stretching 
into the vitreous. Hiemorrhages upon the surface are not 
uncommon, especially in glioma endophytum. 

Several conditions occurring in children may give me to 



of tbo aotenor part of th« optic nerre 

Similar signs, and cause great difficulty m diagnosis. These 
have been grouped together under the term pseiidoglioma. 
The chief are (1) mflammatory deposits in the Mtreous, with 
or without detachment of the retina ; (2) tubercle of the 
choroid, especially the conflnent type ; (3) congenital defects, 
due to persistence of part of the 6bro-^'ascular sheath at the 
back of the lens. The 6rst group arc due to a quiet form of 
cyclitis, which may have passra unnoticed or mar have 
caused slight redness of the eyeball with mflammatory deposits 
in the antenor chamber ; these, however, are nsunlly soon 
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absorbed A history of fits, unconsciousness, attacks of 
screaming, ear disease, meningitis (especially post basic), one 
of the acute specific fevers, syphilis, A.e , may be obtamed 
Intis, or the results of intis or mdocychtis, eg, posterior 
synechise, retraction of the base of the ins, and so on, ate often 
present 

In all cases atropine should be instilled and both eyes should 
be thoroughly examuicd opthalmoscopicall^)., under general 
an^sthesn if necessary The tension may then be satisfactonly 
tested and may afford useful information which cannot be 
obtained without an anaesthetic Baised tension is in favour 
of glioma, lowered of pseudoglioma Even when every 
precaution is taken there is a considerable group of cases in 
which it la quite impossible to be certain of the diagnosis 
Considermg that the life of the patient is at stake and that 
the eye is in any case useless as an organ of sight, these cases 
should be treated as ghoraa 

Treatment The treatment of glioma is excision of the eye 
at the earliest possible moment The optic nerve should be 
cut long, and the cut end mvanablv submitted to microscopical 
examination If there is any douot of extension of the disease 
to the conjunctiva or orbital tissues exenteration of the 
orbit 18 imperative In cases where the diagnosis la doubtful 
the eye should be removed, for m inflammatory pseudoghoma 
the eye is destined to shrink and become unsightly In no 
case should both eyes be removed at the same operation, but 
if one is proved by microscopical examination to be glio 
matous and tho other contams gliomatous nodules, it is 
justifiable to treat these by the application of a 2 milhcime 
radon seed stitched to the sclera over the site of the nodule 
'S\Tien the growth is situated near the macula and optic disc 
the radon seed or seeds may be embedded in a strip of Stent 
wax moulded over the appropnatc site The Stent is kept m 
position by stitching it to the sclera at about the equator 

There is histological evidence that a 2 mdbeune radon seed 
destroys the growth for a radius of at least 3 5 mm around it 
The number of seeds required will depend upon the size of the 
neoplasm , four is the maximum yet used with good results 
Late sequelee of irradiation are thm greyish exudates at the 
macula eighteen months, and posterior cortical lens opacities 
from 0 months to 8 yearn after treatment Some patients 
are still alive eleven and twelve years after radon treatment 
Bndon seeds should be used only m bilateral ghoma, or when 
excision of the eye is absolutely refused 
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The prognosis of glioma, if untreated, is absolutelj* bid, 
the patient invanably dying The prognosis is fair if the eyo 
IS remQ\ ed before extra-ocular extension has occurred In the 
absence of disease of the second eye the patient may be 
regarded as ont of danger if there is no recurrence in the orbit 
within three years but the remaining eve should be carefully 
examined under atropine at frequent intcr% als for a much 
longer period There are several cases on record of cure after 
removal of both eyes for ghuma retina 


CHAPTER XXI 


Injuries to the Eye, Panophthalmitis, and Sympathetic 
Oph halinia 

The eye is pTotectecl from direct injury by the hds and the 
projecting margins of the orbit Nei ertheless, it is not 
exempt Itom foreign bodies, the action of caustics, contusions 
by blunt and uouuds by sharp matruments, 

FoRctoN Bodies, Burms, &o. 

Foreign Bodies, which arc u«u illy small — particles of coal 
dust, emery, steel, Ac — may pitch upon the conjunctiva or 
upon the cornea In the former cose they cause 'sudden 
discomfort and redex btuiking The foreign body sticks to the 
palpebral conjunctiva and t& liable to be dragged across the 
cornea, vshich it excoriates It may get Boated by tears 
touairds the toner cautluis, and so uito the nasal duct Very 
frequently it becomes lodged at about the middle of the 
upper suicus suhtarsalis (t^e p 61S), where it is most likely 
to irritate the cornea, or m the upper forms It may occa* 
sionally become imbedded m the bulbar conjunctiva Quite 
large foreign bodies, such as a gram of com, may be retained 
for a long time in the upper fornix ond give nse to much 
irritation and some discharge They are liable to be over- 
looked unless the upper lid is everted They are generally 
imbedded in a mass of granulation tissue, which may simulate 
the cockscomb type of tubercle (vide p 182) 

Fragments of aniline pencil in the eye cause much irritation 
and a very unsightly staining The eye should be irrigated with 
a weak solution of alcohol, and glycerine drops used (Swanzy 
and Werner), smcethesesubstancesaresolventsof aniline violet 
Particles of steel and emery are very liable to fly straight 
iw •to Sks 

stantia propria Larger particles of steel, or less commonly 
stone, glass, &c , may perforate the globe (inde p 447) When 
situated m the cornea they cause great pam and irritation 
The pupil IS often constneted If allowed to temam they 
expose the cornea to the dangers of infection by organisms 

*27 
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m the conjunctival sac and ulceration This may lead to a 
small superficial slough being cast off carrying the foreign 
body with it The small ulcer thus formed ma} heal but if 
NTTulent organisms are present a spreading ulcer vnth or 
wuthout hypopyon may develop 
It IS not always easj to discover a foreign body upon the 
cornea If situated eccentrically on the cornea a leash of 
conjunctival blood vessels will be dilated on this side and will 
point in the direction of the foreign body In case of doubt 
the eye should be amratbctised and the cornea thoroughly 
eiaramed under oblique lUumination with a loupe The use 
of fluorcseem will sometimes but not always reveal the 
position In some cases the foreign body can be detected 
by reflectmg light into the 
eye with a plane mirror 
especially if a conv ex lens is 
used to magnify the object 
(tide p 235) 

The bmocular corneal 
microscope is of great assist 
ance in determining the posi 
tion and nature of the foreign 
body VThen combined witli 
illumination by the slit lamp 
the depth of an embedded 
foreign body can be measured 
by the aid of a micrometer, or 
estimated by the length of the shadow which it casts (Fig 225) 
The wing cases of insects and the busks of seeds may adhere 
I)} their concav e surfaces to the cornea usually at the limbus 
for several days or even weeks 
Treatment Foreign bodies must be removed as «oou as 

f ossible and as far as possible with antiseptic precautions 
f situated m the lower fomix they ore easily removed with 
a clean handkerchief after everting the lower lid If not 
found in this position the upper lid should be everted (nde 
p 80) , the particle will gcueniUy be found in its favounte 
situation and can be removed in the same manner or bv 
passmg the finger over the surface If it is still not seen 
the upper formx should be brought into v lew {vide p 81) and 
the particle removed In case of difficulty previous applica 
tion of pantocain vnll matcriall} assist 
If the foreign bodj is imbedded m the bulbar conjunctiva it 
should be picked out bv a needle after application of pantocain 
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I( n discissiou ncedio is not at hand a dainmg needle ma) ijc 
used , it should be passed through a dame drst, so as to 
stenlisc it This little opcntion is performed in the same 
manner ns removal of foreign bodies from the cornea (wrfe 
infra) It may be necessary to amp off the small piece of 
conjunctu a contaimng the foreign body with scissors 
Removal of foreign bodies from the cornea is effected as 
follows The eye is anaesthetised and the patient seated 
m n chair Tlic surgeon stands behmd the patient and 
holds the hds apart with the first and second 
fingers of his left hand pressing sbghtl} bach r n 
wards so as to steady the globe An assistant | I 
focusses the light upon the cornea the patient j 
being told to look in the direction which affortls I 
tliQ best view of the particle An attempt * 
may first bo made to remove the foreign body % D 
teaching it with a ebp of clean blotting paper, 1 
which exercises a capillaty attraction If this « 
fads a steiibscd spud (Tig 226) is used Only if 
this too fails after repeated efforts should a needle 
bo resorted to It may be a discission needle or in 
default of that a darning needle (t^e supra) The 
greatest care should be exercised not to scrape up 
the epitbelmm mote than is absolutely necessary 
Emery and steel particles cause a little ring of 
brown rtam around them, which should be scraped * 
off, if thisisnotdonethepatientislikely to return, * 
under the impression that the foreign body has not 
been removed If there is any sign of ulceration, 
eg , greyish infiltration around the abrasion andj.^^ 
ihc pahcnl is ywmg vnth normal fen^wi, a drop of 1 &pud" for 
percent atropine should be instilled warmngbeing removing 
given that the sight wiU be misty for a few days j®” 
If the patient is over forty or has any signs mdi from 
cativc of the possibility of glaucoma ansmg {vide cornea 
p 2*?!) atropine should bo avoided and the eye 
should be examined daily for a time Atropine should not 
he used as a routine measure it is generaffy uimecessary, 
und it always involves prolonged absence from work and 
consequent economic loss In every cast parolein is instilled, 
and the eye is kept bandaged for a day, and boric lotion is 
ordered If ulceration occurs it is treated m the appropnatc 
manner [vide p 201) Special attention should lie given to 
particles of stone which show a greater tendency than steel, 


DISEASES Of lUh EYE 


m 

A.C , to cause ulceration, probably because steel particle^ arc 
often hot, and therefore sterile, when they enter the eye 
Occasionally sharp steel and other particles penetrate deeply 
into the cornea, without, hoivevcr, perforating The efforts 
made to remove them may push them still deeper or even into 
the anterior chamber ^^’hen such an accident is feared special 
precautions must be adopted If the particle is steel and a 
large magnet eg, Haab's or Mellinger’s, is available this 
method should be tried (nrfe p 455) , it is often necessary to 
mcise the cornea overlymg the foreign body This method maj 
fail, the particle being so small that an msufficicnt number of 
Imes of force pass through it In these cases, orwhen the particle 
IS non magnetisable, a broad needle should be passed mto the 
anterior chamber and pressed against the back of the cornea 
while the foreign body is being removed with a needle 
Usher has mvented a spatula, curved on its anterior surface 
to 6t the back of the cornea, for this purpose , it is intro 
duced into the antenor chamber through a kerutome incision 
If the foreign body escapes into the antenor chamber it must 
be removed by other methods {nde p 453) 

Pr<yphylactic Measures Foreign bodies m the eye are 
extremely common m industnil workers especially in mndmg 
tools, lathe work Ic Apartfromthe dangertotbesiglitofthc 
worker, they are a source of great economic loss from lo«s of 
time compensation Ac Thcycouldinmostcascsbeentirclv 
presented by the use of protective goggles but it has hitherto 
been found impracticable to enforce this measure among Bnti'^h 
workmen Every attempt should be madcbytheproviMonof 
comfortable gobies and by educative meins, such ns " Safety 
First ” notices and lectures by welfare officials, to point out the 
dangers and to encourage the workmen to use goggles 
Bums and In)unes by Caustics Bums hot water or 
steam, hot ashes, exploding powder, molten metal, Ac , nnd 
injunes by caustics, such os lime, usually from fresh mortar 
or whitewash, strong acids nnd alkalies Ac , endmger the 
eye chiefly m two ways, viz , by injunng the cornea and by 
producing symblephnron Strong ammonia is pnrficulirly 
harmful, causing necrosis of the cornea , hydrochloric acid 
(spirits of salt) much less so Jlany eyes have been lost 
through cutting open golf bolls the central core often con- 
tains caiKtics (binum sulphate, camtic loda etc) which 
spurt mto the eve Immediately after the accident there is 
mtense conjunctivitis and cbemosii, but the cornci looks 
clear , m this state it is difficult to be certain of the extent o! 
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the injury A drop of finorescein solution will reveal the 
extent of the area denuded of epithelium Prognosis biiould 
therefore be guarded, care being taken to impress upon the 
patient the gravity of the injury and the necessity for constant 
supervision In the worst cases the cornea 13 dull or opaque 
In the succeeding days an eschar forms and is thrown off 
This IS foUoned by granulation of the injured conjunctiva 
and frequently by ulceration of the cornea The corneal 
condition must be treated like a comeal ulcer {tide p 204). 
In bad lime bums, &c , the whole cornea may be destroyed , 
perforation takes place, and the eye shrinks In less severe 
cases a den'ie leucoma forms, porcelain like in lime burns, 
and sight is lost The chief danger derived from the con 
dition of the conjunctiva is that of adhesion of the lid 
to the globe It is most likely to occur with the lower 
hd the caustic acting principally upon the lower forms, 
which is obliterated by or^nisation of the granulation 
tissue The symblepharon thus produced impedes the move 
ments of the globe and may even interfere with its nutntion 
Every precaution must be adopted to prevent its occurrence 

Treatment In the earliest stages of injury by caustics the 
excess of deleterious roatenal must be removed Acids may 
be neutralised b^ dilute alkalies (lotio sodii bicarbonatis, 3 per 
cent ) and alkalies by weak acids (lotio acidi bonci) or milk 
Particles of lime must be persevenogly picked out with 
forceps, after previous application of pantocam irrigation with 
10 per cent solution of neutral ammonium tartrate is painful 
but undoubtedly diminishes scartmg in lime burns A few 
drops of ol ricini or parolem may be instilled 

lo prevent symblepharon a glass rod is well coated with 
vaseline or bone acid ointment, or if the cornea is involved 
atropine ointment, and the point is swept round the upper and 
lower foruices, so that they are well packed with ointment 
In severe cases cold compresses should be applied, and the 
patient put to bed 

Recently good results have been obtamed by excismg all 
damaged bulbar conjunctiva up to the limbus and down to 
fie sciVns II fie ran’ area thus is eraaff sad th&ra is 
enough conjunctiva available it may bo covered by a con- 
junctival flap, but if It IS large a graft of buccal mucous 
membrane is taken from inside the lower lip and sutured m 
position Parolem is mstdled, and the closed lids covered 
by a layer of tulle gras, a pad wrung out m salme and a crepe 
bandage 
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In the 'iiiccoeding da}s if symblepharon still threatens, tin 
treatment \vith omtment and the gl^s rod is repeated once or 
more times daily accordmg to the seventy of the case 
contact glass coated inth atenle vaseline inserted o\er the 
cornea and conjunctiva assists in preventing symblepharon 
IfsjTnblcpharon occursitnnistbesuitabh trcated(udcp G3J) 
Imt prevention m tins case is easier than cute If the actual 
fornix is demideil of epithelium it mar be impossible to prc\ ent 
Hi-mbleph iron 

Contusions b\ Blunt Instbuiients 

Injuries by blunt instruments vary m seventy from a simple 
comeal abrasion to rupture of the globe There is no part of 
the eye which may not be so injured by contusion as senously 
to dimmish vision Moreover, in some cases the changes are 
progressive so that tn all cates a very guarded prognosts should 
be ju'cn The vanous conditions which may follow contusion 
will he bnefly enumerated 

Cornea A simple abrastori may be caused It is recognised 
by distortion of the comeal reflex and by the use of fluorescein 
(iitfep 87) There IS much paiD, like that doe to the presence 
of a foreign body, increased on moving the lids, much uerma 
tion and reflex blepharospasm It may become infected and 
give nse to a comeal ulcer, especially ii a mucocele is present 
(ndep 651) In the eimple cases the use of a lotion, e^, bone 
acid bone omtment to pce\ ent the lids from sticking together, 
and a pad and bandage for a few days sufBces (cf p 429) 
Ulceraticm must be treated suitably fvide p 204) 

neeurreni Erotion [Syn — Recurrent Traumatic Keratalgia) is 
particularly liable to occur after scratches with babies Cngcr 
nails The abrasion however produced usually heals quickly, 
but 18 followed some dajrs weeks or even months later, by acute 
pain and lacrymation generally on first opening tbe eyes in the 
morning II the cornea is then stained with fluorescein an abra 
Sion will be found usually at the original site but sometimes 
ebewbere, or there may be a vesicle or group of vesicles The 
attack rapidly passes oS with appropnate treatment but often 
recurs again and again There is do doubt that in these coses the 
epithebum is abnormally loosely attached to Bowmans mem 
brane, and is bable to be torn off by tbe bd on waking Such 
looseness of epithelium and formation of vesicles is characteristic 
of lesions of the fifth nerve {nde pp 229 230) and it is probable 
that recurrent erosion is due to this cause though tbe actual 
rationale is unknown Early attacks should be treated m the 
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same manner as a simple ab/asion bone ointment being plentif ullj 
applied at night Instillation of 1 pet cent pantocam relieves tbt 
pain and seems to have a good effect on the epithelium If the 
attacks are repeated the spots should be curetted and touched with 
pure carbolic acid {vi3e p 217) znild application of X rays has 
been found beneficial (Greeves) (unfe p 234) 

Deep opacity may be found, usually m the form of delicate 
grey stn® interiacmg m different directions They are due to 
accumulation of lymph m the interlamellar spaces, occa 
sionally to wrinkling o! Descemel’s membrane (wJe p 248) 
They generally cleat up without leaving a permanent opacity 

Erammation with the abt-lamp has shown that all contu 
sions of the eyeball ate followed by the deposition of fine 
granules of uveal pigment on the postenor surface of the 
cornea There may be ruptures in Descemet’s membrane , 
owing to its elasticity the edges are rolled over 

Bhoi «fotnitM 7 of the cornea occasionally results from contusion 
which has caused hsmorrhage into the a&tenor chamber Prob 
ably in all the cartes the tension of the eye is raised in the early 
stages The whole cornea is at first stamed, the colour varying 
according to the duration of the condition It may be rcdaish 
brown or greenish In the latter case the condition nearly 
simulates dislocation of the clear lens into the anterior chamber 
(tide p 436) The cornea gradually and very slowly clears from 
the periphery towards the centre, the whole process taking two 
years or more ilicroscopically there are myriads of minute, 
highly refracting tods packed in the Ismeliee of the substantia 
propria, and sometimes round granules of pigment in the corneal 
corpuscles These are derivatives of hanuoglobm, which may or 
may not contain iron They aro probably removed by the 
phagocytic action of leucocytes — a alow process la the absence 
of other cause of defective vision sight may eventually be com 
pletely restored 

EupUne of the cornea is very rate Descemet’s membrane 
may be ruptured alone Di complete rupture an attempt may 
be made to save the eje by sntnnng the cornea with a special 
needle (Fig 272) 

Sclerotic Eupture of the globe is generally due to it being 
suddenly and violently forced agamst the orbital walls It 
IS often due to falls upon some projecting object, such as a knob 
or a key in a door, and has been frequently caused in country 
districts by a blow from a cow’s horn The force is usually 
applied from the direction down and out, where the eyeball is 
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least protected by the orbital margin , the eye is forced into 
contact with the pulley of the superior oblique muscle The 
sclerotic gi\es way up and in at its weait«t fait, m? , in the 
neighbourhood of the canal of Schlemm The ound is obhque, 
being farther forwards internally than externally, where it 
appears more or less concentric with the corneal margin and 
about 3 mm behind it The conjunctn a is often intact, but 
there are alwaj^ severe injuries to other parts of the eye The 
iris 13 generally prolaps^ or tom away (indodialysis) or 
retracted The len<f may be expelled from the e}e or e^tape 
under the conjunctn a (subconjunctnal dislocation of the lens) 
or be forced back into the \itreous, making the antenor 
chamber deep The anterior chamber conlains blood 
(byphiema), and there may be haemorrhage into the Mtreous 
Detachment of the retina may occur, with or w ithout suhretinal 
or subchoroidal bsmorrhage The eye usually shrmks and is 
lost 

Trmlment The eye mast be carefully examined with lid 
retractors, under an anssthetio if necessary !In 5e\erc ca«cs 
nothing remains hut to excise the collapsed globe In less 
severe cases without extrusion of the contents of the globe 
atropine may be mstdled, cold compresses apphed, and the 
pntient kept m bed Sometimes good results follow suture 
of the rupture If the rupture involves the penpher} o! the 
cornea the ins alone may be prolapsed It is then a good plan 
to insert the sutures m the sclerotic without tying them before 
excising the prolapse , they are then tied 

In subconjunctiTOl dislocation of the lens it would seem a 
natural procedure to open the conjunctn a and let out the leas 
This IS, howeier contraindicated in the early stage It must 
be remembered that there is an opening directly into the 
ntreous, and that such a procedure will almost inentably 
invoKe cscajie of vitreous and possibly panoplitlnlmitn 
Atropme should be instilled and cold compresses applied The 
lens will gradually become absorbed but no harm will accrue 
if the remnants are removed after the scleral rupture lia* 
healed 

Ins Most injuries to the ins caused by contusion arc due 
to sudden lncur\^^g of the cornea whereby the aqueous is 
forced back against the ms and tens 

Traumattc mydnans may follow a contusion The pupil 
IS large and immobile andusuallyreroains trodcmlelvdilalfd 
permanently It is due probably to paralysis of the motor 
nerve fibres, which may be stretched or tom m their passage 
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through the cdiary body There ate mmute ruptures m the 
pupillary margui, but these do not account for the immobility 
There is usually also paralysis of accommodation Traumalw 
mwsis IS rarer, and results fromless severe injuries, it usually 
passes oft ^Jaiiiuitn^faccraitonsoftheiriSjSometimesextending 
to tbetiliary margin, are rare (Pig 227) Iridodtah/sts is com 
raoner (Fig 228) The ms is tom away from ciliary 
att'iehment for a variable distance. On inspection a black 
biconvex area is seen at the periphery, and the pupilhry edge 
bulges slightly inwards With the ophthalmoscopic nmror 
a reflex can be obtained through the peripheral gap and the 
fibres of suspensory hgamentand edgeof the lens maybe Msible 
Uniocular diplopia may he produced by this injury In 



Pio 227 ~ Lacera 
tions cf the pupil 
lary msr^n of the 
iria and dialocatioa 
of the lens follow 
tog a blow (Trom 
a drawing b; 
Holmes Spicer } 



Tin 2SS — Irldnd alyne fol 
lowing a blow (After 
^ettlcshjp ) 


extensive indodialysis the detached portion of the ins may be 
completely rotated, so that the pigmented back of the iris 
faces fort\ards {aitCffiexion of Ihe im) The ms never becomes 
re attached, but indodialysis, apart from other injury, rarely 
causes serious results In irawmUc aiiindta or indert'mia the 
ins 15 completely torn away from its ciliary attachment, con 
tracts into n mmute ball, and sinks to the bottom of the 
anterior chamber ^vhere it may be impossible to see it Rarely 
the same appearance is ciused by Mai intemon or rclrojlexxon 
of the ms, the whole ins being doubled back into the ciliary 
region out of sight More commonly inversion is partial, so 
that the appearance of a coloboma (g v ) is obtained, but the 
fibres of the suspensory ligament cannot be seen In all these 
cases there is usually hyjihmma , and other injuries such as 
partial dislocation of the lens imd bo on, may be present 
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The treatment consists m rest and the application of cold 
compresse® \tropme should be instilled in indodial}*®is, but 
not m ruptures ol the ins If there is also subluxation of the 
lens neither mydnatic nor miotic should be used 

Cibary Bodf Contusions majr cause diminution in the 
ampbtude or loss of accommodation owing to paralysis of the 
cibary muscle The cibaty body may be m\olved in rupture 
of tbe globe (rupture prolapse, Lc ), and plastic cycbtis may 
be induced H 5 T)Otony or low mtraocular pressure may fol 
low a blow probably through interference with the function's 
of tbe ciliary body It may persist for a long time, and be 
followed by degenerative changes m tbe lens and siinnkingof 
the globe 

Lens Subconjunctival rfwfoca/ion of the lens has alrcnd\ 
been described The same meebamsm which produces the 
\ariou3 injuries of the ins maj cause the lens to be forced back 
into the iitreous The suspensory ligament is then ruptured 
Ihe rupture may be complete or partial ^^^len complete the 
tens may sink to the bottom of the vitreous chamber, uhcre it 
maj be visible as a yellowish mass , occasional!) it remains 
clear and cannot be seen Partial rupture of tbe suspeQ«ory 
ligament occurs with sublujcation of the lens which mi) be 
displaced laterally with or without some degree of rotation 
This leads to ure^anty m the depth of the anterior chamber 
v.hicb is deeper in the part unsupported by the lens ■\\ itb tbe 
pupil dilated the edge of the lens may be seen as a grc) convex 
(me by oblique illummatioo but more readJ) and unmistnkabl) 
as a black line with the ophthalmoscopic rauxor (nrfc p 110) 
The want of support to the ins causes tremuloiisness (in 
dodonesis) on the slightest mo\ement of tbe eye a tremulou® 
ne^s which is limited to tbe unsupported part 

Blows upon the eye less directly from before backwards occa 
aionally cause dislocation of tbe lens into the antenor chamber 
It rarely occurs with a lens of normal size, but not infrc 
quently by quite trivial injury when tbe lens is Ehtunki.n 
rbe clear lens in the antenor chamber is not alwa)'s casilv 
recogmsed but it docs not long remain clear, and diagnosis is 
then easy It is more globu'ar than normal owing to its free 
dom from the TesttaTnt rd \Tae iraspensory Vigament ’lYlien 
still cleat it looks like a globule of oil in the antenor ebaraber 
\\ith oblique illumination it has a golden nm due to total 
reflection of the light , this is the exact opposite of the total 
reflection when the edge of the lens is seen with the mirror 
the light being then totally reflected away from the obsen er a 
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eye The lens m the anterior chamber causes spasni of the 
sphincter iridis, which may occur at the moment when it is 
passing through the pupil Intense indocychtis or secondary 
glaucoma is then set up In most cases of mslocation forwards 
the lena is shrunken, and the suspensory ligament has become 
partially absorbed , dislocation into the anterior chamber 
may occur m these cases spontaneously, without any contusion 
Unless the lens is very small, extreme irritation is set up by its 
presence in the anterior chamber, and the eye is lost if it is 
allowed to remam there 

Dislocation of the lens always causes considerable disturbance 
of vision In partial rupture of the suspensory ligament there 
IS astigmatism which is much increased by tiltmg of the lens 
The elacLemng of the suspensory ligament causes increased 
curvature and myopia, which may be more than compensated 
by backward displacement In total dislocation into the 
vitreous the effect is that of the old cataract operation of couch 
ing , the pupillary area is aphakic, the refraction is highly 
hypermetropic, rcqmrmg cataract glasses for its correction 
Vision usual!} deteriorates gradually 

If the lens is displaced so much laterally that the edge 
crosses the pupil umocular diplopia is present Through the 
nphakic area of the pupil the eye is highly hypermetropic, 
through the phakic portion it may be myopic, in addition to 
which the periphery of the lens acts as a pnsra Ophthalmo- 
scopic examination under these conditions shows two images of 
the disc by the mduect method, differing considerably m size 
By the direct method the fundus may be obsen ed through the 
phakic or through the aphakic portion of the pupil, difierent 
lenses being requited to correct the refraction m the two cases 

Subluxation of the lens may occur ns a congemtal condition 
(ectopia lentis) (wde p 327) 

Besides the immediate consequences of dislocation of the 
lens, very senous remote effects may follow In subluxation 
the lens is very liable to become opaque, owing to malnutrition 
The pressure of the edge of the lens on the back of the iris and 
on the cihaty body often sets up severe mdocychtis, which 
nrayfeaii to toe lass at toe eye, aaa eevn endkoger (tie <rtoer hf 
sympathetic ophthalmia (5 v ) Secondary glaucoma is a very 
frequent sequel (wde p 281) 

TTeatme7U In the absence of irritation vision may be 
improved m total luxation into the vitreous and m subluxatiou 
by suitable glasses In the latter case it is usually impossible 
to correct the astigmatism, but sometimes the aphakic part 
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oi the pupil cau be used If indo^clitis ot seconda^ glaucoma 
IS present the lens should be extracted tf it is possible It is 
imperative when the lens is m the anterior chamber In all 
cases it IS unusually difficult There is always a considerable 
rupture of the suspensory ligament, so that vitreous presents 
as soon as the comeo scleral section is completed and the 
delivery of the lens has usually to he cfTectcd vnth the scoop, 
some vitreous being lost (tide p 493) If extraction is iropos 
sible an iridectomy or trephining may improve matters, but 
more usually fails If the eye is blind and painful it should be 
eTcL<ed Tor the treatment of subconjunctival dislocation see 

p 134 

Besides dislocation of the lens conct/s^ton cataract occa 
sionall} follows a contusion In most of these cases the ransule 
is fupturLd though the site of rupture, usually behind the 
equator cannot be seen clinically The Icus gradually becomes 
opique a rosc,tte shipwl oparitr being tismily first formed m 
the posterior cortex (Koby, Fig 23G) Rarely the cataract 
remains in this condition, but much more commonly it spreads 
throughout the cortex until the appearance of a mature 
cataract IS found More or less absorption takes place but it 
may be permanently incomplete Ibe condition should be 
treated m the same manner as traumatic cataract 

In some ca^es a circular ring or disc of faint or stippled opacity 
IS seen on the anterior surface of the leus (Vossius nag) It 
usuftlly has about the same diameter as the pupil and lias Leco 
attributed to the impress of the ins do the lens produced bj tl e 
force of the blow dnving the cornea and ins backwards This 
view IS supported by the not infrequent presence of ins pigment 
on the less capsule but is opposed by the variation in the mc of 
the disc and the occasional presence of a second concentric ring 
The slit lamp shows that the opacity is due to multitudes of 
brown amorphous granules Iving on the capsule It may form in 
the absence of fayphsma Minute discrete subcapsolar opacities 
may be seen after resorption of the pigment, which takes place 
vtrv gradually 

Concussion cataract raav s'so be caused bv lightning and high 
tension electric discharges It is possible that electrolytic changes 
p'lay Bonrt! pait m Xbwe vrfutrMfia 

Vitreous Hoemorthage into the vitreous is the commonest 
effect produced in it by contusion The vntreous chamber may 
be filled with blood In this ease no reflex will be obtain^ 
mth the ophthalmoscopic nuiror Wth oblique illumination 
a dull red hue may be seen csj«ciaUy if the pupd is dilated 
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The blood may become almost completely absorbed, but 
cloudy opacities remam In rate coses '' telmitis " proliferans 
follows from organisation of the clot {vtde p 372) 

Liquefaction of the vitreous and opacities m it may follow 
a blow owing to uveitis and defective nutrition, and without 
hffmorrhnge 

Chorord Rupture of the chore d occurs as the result of 
sei ere contusion It has also been caused by a bullet passing 
through the orbit behind the eye Immediately after the 
injury the new is obscured by evtiravasation of blood When 
it has become absorbed the rupture, usuallv not far from the 
di'^c and concentric mtli it, is seen as a curved white streak 
ov-'r n Inch the retmal vessels pass (Plate IX , Fig 2) The 
retina may also he ruptured, but this is exceptional The 
edges of the streak arc pigmented m the later stages , in the 
earltcr, remnants of blood may be seen The white appear 
ance la due to the sclerotic shining through The rupture is 
generally to the oiuer side of tbc disc, and there are often 
two or three of different ewes, mote or less concentric with 
each other If the choroid is ruptured near the macula loss 
of central vision results. If the retina is ruptured also or 
becomes atrophied throughout ita tbekness, including the 
nerve fibre layer, a large sectoc'shaped scotoma is produced 
Simple ruptures of the choroid m which the macula is not 
involved cause little impairment of vision The treatment 
consists of rest m bed until all extravasated blood is absorbed , 
atropine and dark glasses, and abstinence from reading, &c 

A. contusion may cause choroidal bssmotihage which may 
be small, shown later by patches of choroido retmal atrophy, 
or large, subretmal or subchoroidal The latter can seldom be 
seen ophthalmoscopically, but are part of mote extensive 
mischief 

Retina It has already been pointed out tiiat detachment of 
ike redna ( 70 ) is often due to contusion Rupture of ike 
retina with rupture of the choroid la rare m cml life, but was a 
common result of explosions during the War Htemorrhages 
into the retma occur , they are usually small, but large hiemor 

retinal vessels 

Commotio relinm is a frequent result of blows upon the eye 
Instead of the normal bright red colour the retina shows a miJL 
white cJouduiess, usually near the papilla and posterior pole, 
and over a considerable area It is probably due to oedema 
It disappeara after some days, and vision is usually restored 
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to normal In other cases, thongh nsion may be good at first, 
central vision gradually diminishes, associated with develop- 
ment of pigmentary deposits at the macula (vide tnfra) Hence 
prognosis should be guarded m aR cases of serious blows upon 
the eye 

Senous changes are apt to occnr at the macula, and are 
easily overlooked immediately after the accident, or it maj 
be impossible to obtain a go^ view A " hoh ’ may occur 
at the macula It appears as a small circular or oval deep 
red patch, just as if a bole had been pouched out It is 
caused by cystic degeneration following oedema due to com 
motto tetmffi and in course of time a complete perforation 
of the retma develops Similar ophthalmoscopic signs and 
pathological changes have been observed occasionally after 
indocvchtii and associated mth nrtcnosclerosis renal rctmitis 
md amaurotic family idiocy {vide p 358) In other cases 
the macula looks deeper in colour than normal and m the 
cour*e of time it becomes pigmented The spots of pigment ere 
very fine mostly aggregated near the fovea, with a few farther 
atield This p^mcntut(ORi3tbeeignof«enousdefectmcentniI 
vision which has a tendency to increase progressively 

Optic Nerve The optic nerve is not infrequently ruptured 
or injured m fractures of the base of the skull (vide p 402} 
Injuries by sticks or knives Ac penetrating the orbit ate 
rare \viusion of the optic nerve is ver\ nre in civil practice 
but occurs in gunshot wounds of the orbit (itde p C69) 

Perforating Injuries 

Pcifoiatmg injuries may be caused by sharp mstrumenta or 
bj foreign bodies 

I irowTid icith a sharp tnstrument may penetrate the cornea 
the comeo scleral junction or the sclerotic , it may pass m 
(or a variable distance woundmg the ins lens, Ac , or 
through the eye 

Woundsof theConjunctivaarecommon They heal readil}, 
but the process may be hastened and the restating atlheaion 
to the sclerotic lessened by introducmg one or more suture? 
Polypoid masses of graniilatioD tissue sometimes form on the 
surface , they should be smpped off with scissors after applica- 
tion of pantocam 

Wounds of the Cornea may be buear or lacerated The 
margins swell np and become cloudy through imhihition ol 
fluid This facihtates closure of the wound and restoration 
of the antenor chamber If small and limited to the centre 
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they heal well iinlesa they become infected The eye is 
inigated lyith bone lotion or stenle saline, atropine instilled, 
and a pad and bandage applied A permanent dense opacity 
13 left, and the contraction of the organising scar tissue causes 
irregular astigmatism If tbe 'aound becomes infected it must 
be treated libe a perforating nicer 
The danger la greatly increased (1) i£ tbe wound is large 
especially if it extends into the sclerotic, or (2) if the lens is 
also wounded In tbe fonner case prolajee of tbe ms is 
almost certain to occur The prolapsed iris should never be 
replaced, ev^a il this is possible, since 
it may carry mfection into tbe eye It 
must be excised {vzde p 212), care being 
taken that the iris is quite free, though 
this IS a counsel of perfection not always 
to be attained Freemg of tbe ins is 
specially difficult with quasi tangential 
wounds (vide Fig 237 to tbe tight) In 
such cases it is a good plan, if there is 
an anterior chamber, fikt to make a 
small keratome incision m the cornea 
on the opposite side to tbe wound, 

3 mm inside the hmbus (Fig 229) 

After tbe prolapse has been excised in 
the usual manner a repositor can be 
passed through this incision and swept 
over the surface of the ms (Goulden) 

This device is useful for freeing tbe 
ms from punctured wounds neat the 
hmbus, in which incarceration occurs, tfo 

but 13 60 small as to make excision 
ihrough tbe original wound impossible In some cases it 
IS advisable to co^c^ the wound with a conjunctival flap 
{Vide p 211) Atropine should always be instilled (never 
eserine) 

If m a few days it is found thofc there is anantenorsynechia 
this should usually be divided as soon as tbe wound is suffi- 
ciently healed to permit of the necessary proceduteg without 
re opemng it. If this is not done the traction on the ms will 
keep up imtation m tbe eye, as shown by cihaty injection, &c , 
and such eyes are liable to cause sympathetic ophthalmia 
Moreover, a broad anterior synechia tends to brmg about 
secondary glaucoma, or predispose to secondary mfection and 
panophthalmitis 
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Wound of the lens very greatly increases the gravity of the 
case, especially in children It may escape notice at fir«t, 
especially if the wound is small, e g , that canned hy a needle 
or thorn The lens swells and keeps the ins in contact with 
the cornea, so that re fonnation of the antenor chamher is 
much delayed If at length it re forms the aqueous becomes 
filled with swollen lens fibres, which also irritate the ins 
The swelling is greater and more rapid the younger the patient 
Infection, which is one of the greatest dangers of all perforat 
mg wounds, is particularly likely to occur m these cases The 
excision of any prolapsed ins in such a manner as to free it 
completely from the wound is extremely difficult The subse 
quent prolonged contact of the ms with the cornea facilitates 
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the formation of hroad adhesions of ins and often aho of lens 
capsule nhich it may be found impossible to divide, or oluch, 
if divided, quickly re-form Ciliaiy injection is kept up, and 
sympathetic ophthalima is verj liable to supervene if the c}e 
13 retamed too long 

Occasionally m perforating wounds with a dirty implement 
pyogenic organisms are earned into the eye, multiply there 
and cause rapid necrosis of the whole cornea In these cases 
a nng of deep mfiltration appears m the cornea 2 or 3 mm 
mtemal to and concentre with the comeo-scleral margin — 
so-called rxng abscess There is much chemosis of the con 
junctiva and a greenish discharge The organism has gener- 
ally been found to be the bacillus pvocyaneus Usually panoph 
thalmitis IS set up and the whole of the central part of the 
cornea is cast off The only chance of saving such an eye is to 
do a paracentesis directly the infiltration is ob«ervcd and to 
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wssh out the anterior chamber with hydrogen peroxide. 
Sulphonaxnidc treatment (firfc p. 693) should be used. 
Wounds of the corneo*sc!era ate particularly liable to set 
up sympathetic ophthalmia ( 7 .W.). In them the ciliary body 
is injured directly, and may be prolapsed. There 13 the usual 
danger of infection, and if it occurs panophthalmitis is certain 
to follow on account of the ready comruuoication with the 
vitreous. If this does not h,appen ciliary irritation is kept np. 
If suppuration occurs there is little hope ot saving a useful eye, 
but there is little or no danger of sympathetic ophthalmitis. 



If the lens is wounded the chanccsofsaving the eye are greatly 
diminished. 

Treabnent. An attempt should be made to save the eye. 
The orbicularis oculi is paralysed by injection of novocam 
into the branches of the facial nerve as they cross the malar 
bone [vide p 405, Fig 242). The infiltration is carried to the 
infraorbital foramen and up to the temporal extremity of the 
eyebrow. Pantocam (1 per COTt.) is instilled into the con- 
junctival' sac, fee. of novocain (‘4 per cent ) into tfie region 
of the ciliary ganglion, and 1 c c into Tenon’s capsule posterior 
to the site of the wound. The eye is irrigated with 1 in 10,000 
oxycyanide of mercury lotion, and a speculum inserted. The 
wound should be freely exposed as in Fig. 230, and ragged 
tags of conjunctiva trimmed. Sutures are passed through the 
edges of the conjunctival wound, held in mosquito pressure 
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forceps aud retracted The edges of the scleral wound are 
gently carholtsed and sutures inserted b} an cveless corneo- 
scleral needle (Fig 231) The sutures are loopwl rendv* to tie 
Vny prolapsed ms and cUiiiy bod\ is drawn out of the wound 
and ab^eisted The scleral sutures are tic<l immednteh m» 
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as to mummse losa of vitreous Figs 231 and 232 show 
diagrammaticaUy the conjunctival flaps fashioned so as to 
coi er the wound and thereby dimmish the risk of exogenous 
infection Atiopme is instilled the eye bandaged lightlj , and 
the patient put to be<I Hounds miolvung the sclera on both 



Fio 23^ 

sides (Fig 233) are specially difficult to deal with Befon- 
excisiQU of the prolapse the conjuucti\a la fteed at the Imihua 
(Fig 231) and afterwords drawn over the wound by stitches 
inserted as m Fig 235 Such a flap supports the cornea and 
helps to bring the edges of the wound m apposition at the 
satoe tune assisting to protect the eye from intraocular 
infection 

If the eve does not quiet down in the course of a weeh or 
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ton days, as sho;\n by dmunotion of ciliary injection and 
cessation of photophobia and laciymation, it should be excised 
In the interval the cornea is eioimined most carefully each 
day by oblique illommation mth the loupe for precipitates 
(“ k p ”) If they are seen the eye should be excised Similar 
care is devoted to the discovery of spots of “ k p ” m the other 
eye, and if they should be found there excision of the injured 
eye is still mote imperative at the earliest possible moment 
If the eye quiets down, quickly and there la no evidence of 
iridocyclitis in either eye the case will probably do well, but 
it should be kept under observation for a prolonged period 
{vtde'p 459) 

If there is much prolapse of vitreous as well as of ins and 
ciliary body, or if the lens la wounded, there is little probability 
of savmg the eye If it is almost certain that useful vision will 
be lost the risks of sympathetic should not be run, but the eye 
should be promptly excised 

Wounds of the sclerotic are not always easily recognised 
The eye may have been wounded through the hd The 
hnusmg and laceration of the hd 
may make examination of the 
eye difficult The Ud should 
he raised from the globe ond y jffjW 

drawn hack with a Desmarres’ \ 

retractor, under local amesthesia I 

Even when the ej c la examined ^ 
the tllusiou of blood under /\ ' 

the conjunctiva may render 
the diagnosis imcertam still 
more the question of perfora 
tion When perforation has 
occurred, there is reduction in 

the mtmocuhr toon It tho ”(K&T 

perforation is near the cornea, 

the anterior chamber is shallow or obliterated If the 
wound IS la^e, prolapse of some of the contents of the globe 
occurs The uvea — ^ins, ciliary body, or choroid — are most 
easily recognised on account of their pigmentation Vei^' often 
the gelatmous vitreous can be seen hanging out of the wound 
Hyphfema and vitreous hfemorthage may be present v,ith or 
without perforation 

Treatmeni If the injury is so severe that there is no Iikeh 
hood of recovery of useful vision, the eye should be excised 
If there is a chance of usefol vision, or if permission to excise 
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IS withheld, the sclerotic may be sutured and the sutures tied 
after excision of prolapsed -ntreoos, ic ^ erv small wounds 
do not require sutunn" but the conjunctn a should be clein'<(-d 
and stitched o\er them Atropine should be instilled, and 
both eyes bandaged Complete rest in bed is impentne 
Such eyes usually shnnl., unless indeed panophthalmitis 
ensues 

Wounds of the lens cause traumatic cataract Usually the 
anterior cafsule is wounded , when the postenor capsule is 
tom the lymph in the ntreous acts in the same manner as the 
aqueous A lew hours after the injury the lens becomes 
cloudy m the ncinity of the wound owing to the actioo of the 
aqueous upon the fibres causing ibem to swell In most cases 
opacities rapidly form in the postenor cortex, iircspcctite of 
the exact site of the wound They are at first featnery lines 
which follow the natural distnbution of the lens fibres Later a 
ro&ette-Uke opacity vs {onn«Ml which gradually spreads until the 
whole cortex is opaque (Fig 236) Flocculent grey masses 
protrude through the opening m the ca»ule, some of which 
Eiccome free and emk to the bottom of the antenor chamber 
Sometimes the whole chamber u full of white floccuh, and the 
lens nucleus may escape entire The masses are gradually du> 
solved by the aqueous, and pass out with it thruu^ the angle of 
theebamber lnthisanmner,uvouDgpatients the whole lens, 
with the exception of the capsule, may be absorbed Usuallt 
abaorptioD ceases earlier through closure of the capsular wound 
The enclosed lens fibres become opaque and discission is 
necessary to cause their complete absorption , m adults, with 
a hard nucleus extraction may be necessary (tide p 486) The 
smaller the wound in the capsule, the sooner it is likely to close 
In rare cases, with very small, though it may be deep, wound«, 
the opacity may remain to the site of injury, especially 

if the wound is quickly scaled up by a postenor ajmcchia 

A certain amount of mflaminatory reaction with ciliary 
injection IS always set up, which may be exceasne, even m the 
absence of infection It will then be found that the intn 
oruhr tension is raised The *swelling of the lens forces the 
periphery of the ins against the cornea and secondary glaucoma 
supervene? 'IVns tenienej vs tumstsed by the difiimAty wrtb 
which the highly albuminous aqueous escapes Irom the eye, 
especially if the wound in the cvpiule is large and much of the 
lens substance has escaped into the antenor chamber If the 
secondary glaucoma is not relieved the eight will be lost by 
destruction of the optic nerve The aqueous and swollen lens 
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eab«!tance must therefore be let out by a curette evacuation 
{vide'p 484) 

Traumatic cataract is d^berately induced in the operation 
of discission 

In the absence of secondary glaucoma, the condition is 
treated by rest in bed, atropine, and a bandage It is of the 
utmost importance that the pupii should be kept well dilated 
If It IS not, adhesions will form between the ms and the lens 
capsule The tendency to intis is increased, a ring synechia 
may form, leading to a more serious form of secondary glau- 
coma, and in any case a subseiiuent needling will be made more 
difficult and dangerous Slcnlc atropine ointment, 1 per cent , 
should be used three or four times daily If the pupil does not 
dilate aatiafactonly, hot bathings should be given every four 
hours, and in the case of adults leeches may be applied It is 
usually necessary to needle the lens capsule m order to obtain 
an opening through which vision is made possible, and needlmg 
ma} have to be repeated {cf Lamellar Cataract) 

Perforating wounds with retention of foreign bodies have 
special features and dangers Eyes containing forei^ bodies 
are particularly liable to set up sympathetic ophthalmia In 
cases of perforating wound, the question often arises whether 
a foreign body has been retained within the eye The foreign 
bodies most likely to penetrate the eye and be retained are 
] minute chips of steel, stone, and particles of glass, lead pellets, 
copper percussion caps, less frequently spicules of wood In 
chipping stone with an uon chisel, it is usually a chip of the 
chisel and not of the stone which enters the eye Among war 
injuries penetration of the eye by fragments of the casing of 
ride bullets, often containing nickel, of shells, &c , frequently 
occurs 

The size and velocity of the raissdc are of importance If the 
foreign body is large so much damage is usually caused that 
the eye has to be removed Very minute particles can, 
however, penetrate the cornea or sclerotic and lodge m the 
deeper pacts of the eye The velocity of these small particles 
must be very high, for tbe energy needed to penetrate the 
WJi'fs of fie gfaSe ts cousuferafite, saef fie reAiCtofisirp of 
energy to mass and velocity la given by the formula E = 
\mv' This IS a point of more than academic interest It has 
been shown that rifle bullets are sterilised by their rapid 
transit through the air This fact may account to some 
evteat for the sterility of mumte intraocular foreigh bodies, 
though not entirely , for th^ are not always sterile, and 
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when they are it is often moie piotebly due to being hot when 
emitted Their irregularity of shape would render them le^s 
easily sterilised Catens panbus metallic foreign bodies 
appear to be more commonly stenie than tho«e made of other 
sntetances 

The nature of ikt /oretgn body is very various and affect'^ 
the diagnosis, pathological condition treatment, and prog 
nosis profoundly \s regards diagnosis it is onl^ rarely that 
we can see the foreign body in the eye or have indubitable 
proof of retention In the absence of irrefragable evidence 
our surest test is skiagraphy, but this method has severe 
limitations Relatively few substances are opaque to X nvs 
Fortunately by far the greatest number of intraocular foreign 
bodies are composed of iron or steel winch give a go^ 
shadow The «ame applies to lead and metallic fragments 
from the casing of rifle bullets Particles of glass often fail 
to reveal their presence in the slngnm cveepfc lienn 
lead glass, of which some bottles are made ^erj accurate 
localiMlion IS necessary Various methods irt m me , 
31acketme Davidson s method u usuallv employ ed m Encland 
Sweets method dependent upon the same principle in 
America AVheo it is remembered that accurac) of locali&i 
tion of the order of 1 mm is essential and that inaccumc^ of 
this amount may lead to the needless sacrifice of an eje it 
will be recogniaed how culpable is any carele^snes3 in this 
respect 

The influence of the nature of the foreign bod} ou the 
pathological condition set up in the eye is profound and varied 
Thus it was shown bj Leber many years ago that copper 
causes suppuration ei en in the absence of pyogenic organisms 
leucocj-tosis bemg set up by chemical action Clmicallv, 
however, this result maj certainly be delayed for a \cr% 
considerable period possibly owing to the copper— usuallv a 
fragment of a percussion cap — being surrounded by a wall of 
m^mmatory matenal and encysted 

Copper in the lens may cause little reaction This is 
further evidence m favour of the usual reaction being chemical, 
for such changes ore >ery slow m the lens Another fact 
supporting this explanation is that even in severe suppuration 
induced by copper within the eye the inflammation tend^ 
to cause shrm^ge of the globe and not perforation J»ot 
mfrequently, however the reaction is so severe as to cause 
expulsion of the foreign body from the eye The pus forma 
tion retrogrades after a time and w not progressive Only 
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\ery rarely does a copper particle become encapsuled with 
restoration of useful vision Sympathetic ophthalmia is less 
Iihely to follow copper forei^ bodies than others, probably 
owing to the intense reaction (Leber) 

Iron 13 also dissolved by the tissue fluids and sets up the 
condition known as sxierosxs bulbi The earliest clinical 
manifestation is the deposit of iron in the antenor capsular 
cells of the lens These arc not affected uniformly, but oval 
patches of the rusty deposit ate arranged radially m a nng 
corresponding with the edge of the dilated pupil This 
appearance is pathognomonic At later stages the ms becomes 
charactenatically stamed, first greenish and later reddish 
brown The vision of these eyes, however little affected by 
the primary mjury, gradually faiU owing to degenerative 
changes in the retina and lens 

Siderosis bulbi (Bunge) has been exhaustively investigated 
In a typical case brown granules are found in the corneal cor 
puscles, m the meshes of the bgamentuin pectinatum iridis on 
the inner surface of the ciliary body, and m the retina The 
anterior layers of the ins are mpresnated, and in addition to 
sabcapsular deposits m the lens, toe fibres are also stained The 
retina shows complete degeneration, and Fetls' tmero chemical 
reaction shows the whole retinal vascular system marked out by 
blue coloration There is alwaya intense blue coloration imme 
diately around the foreign body The pigment epithelium of the 
ciliary processes, para ciliana retime, and retina, and sometimes 
the supporting tissues of the retina, show diffuse Btaining The 
brown pigmented cells which give the blue reaction are found 

E articulany in the angle of the anterior chamber and in the retina, 
!ss m the ins, and least in the choroid They are not bleached 
by the ordinary methods for bleaching the normal pigment 
Hasmorrhage associated with the injury introduces a complication, 
lor it causes hnsmatogenoua pigmeDtation giving the iron reaction 
and distinguished with difficulty from the senogeaous pigmenta 
tion due to the foreign body 

The chemistry of sideroas bulbi la not yet fully understood 
E von Hippel says that the iron is dissolved by the carbon dioxide 
of the tissues and is fixed by cells which have a specific affinity 
for the metal , it then becomes oxidised It has also been 
suggested that the iron is dissolved by acid phosphates m the 
intraocular fluid, or that iron may enter into solution in organic 
form as an albuminate or in combination with an organic acid 
The brown precipitate lo the tissues ts almost certainly produced 
by oxidation, but it is not a simple oxide or hydroxide os it is only 
very ahghtly soluble in oxalic acid (Mc^Inllen) 
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THe cbaractenstic nng of brown spots under the lens capsule 
IS caused bv deposition of non m circumscribed aggregations of 
newly proliferated capsular epithelial celk Leber showed ex 
penmentallw that the introduction of a particle of iron into the 
vitreous causes extreme d^neration of the retina Peculiar 
large granular cells are found which arc dern ed for the most part 
from the retinal pigment epithelium 

Metals, other than, iron and copper — such as lead, tme, 
gold, silver — appear to cause little chemical reaction and 
usually remain quiescent, becoming more or less thoroughly 
encapsuled according to their position Lead becomes coated 
with the carbonate 

Stone 13 chiefly dangerous from pyogenic infection, hut 
chemical changes also occur, varying with the nature of the 
stone 

Glass and porcelain may cause remarkably little reattion, 
but indocychtia and disorganisation of the eye usually occur 
eventually 

Wth regard to wood, apart from infection, the most charac 
tenstic feature is the local imtation produced, resulting 
ID the formation of dense gronulation tissue, studded with 
so-called foreign body giant cells 

Syelashcs may be earned into the antenor ebaznber in 
perforating wounds of the cornea, whether accidental or 
operatise , and caterpillar hairs may penetrate the globe 
Mep 187) 

More important numencally than the chemical clianges are 
those due to infection, and though these are not, strictly 
speakmg, due to the nature of the foreign body, it is 
undoubtedly true that certain types of foreign body are more 
apt to giie rise to suppuration than others Much may be 
learnt m this connection from the analogy of hypopvon ulcer 
The common hypopyon ulcer is due to pure or mixixl infection 
with pneumococci and it is notorious that it is more likely 
to be caused by fragments of stone, wounds with the leaves 
of plants or twigs of trees and so on, than by steel or other 
foreign bodies Moreover, it admirably exemplifies the rile 
played m such infections by the resistance of the ti^uc<, 
for the patients are usually either old and debilitated or 
alcoholic "With regard to intraocular infections, it is to be 
borne m mind that the lens substance and the ntreous form 
excellent culture media, and further, that even sapropbj-tic 
organisms, hke bacillus subtilis, are capable of setting up a 
suppurative inflammation in the eve Probablj the rom 
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moncst pyogenic organism in the intenor of the eye is, how 
ever, the pneumococcus 

Tlic foreign body may pass through the cornea or the 
sclerotic The \pound of entry may be extremely minute 
The patient may eien be unaware that a foreign body has 
penetrated the eye If it has passed through the cornea, 
the minute wound or scat can always be found by careful 
examination with oblique illumination and a loupe It may 
escape detection m the sclerotic 

Tne foreign body may he retained m the anterior chamber 
Here it may fall to the bottom of the chamber, and if \ery 
small be hidden by the sclerotic It is generally, however, 
caught m the ins, and can be recognised with a loupe A 
piece of glass m the anterior chamber is exceptionally (hfQcult 
to sec, on account of its refractive index differing so little from 
that of tbo surrounding media 

The foreign body may pass into or through the lens, either 
by way of the iris or of the pupil In each cose a traumatic 
cataract is produced, which undergoes the usual changes 
livdsp 440) If the particle has passed through the ins there 
will lie a hole m this structure If the case is seen very early 
or very late, the hole looks black by oblique illumination, 
but shows a red reflex when lUuxmnatcd by the ophtbal 
moscopic minot In the intermediate stage the cataractous 
lens behind the hole prevents a red refiexfrom being seen A 
hole mthe ins is of great diagnostic signidcauce, since it rarely 
occurs except as the result of perforation by a foreign body 
The foreign body may be visibm in the lens either before or 
after dilatation of the pupil It is possible for a foreign body 
to pass through the ins and through the ciicumlcntal space 
witnout wounding the lens 

The foreipi body may bo retained in the vitreous Access 
to the vitreous by the foreign body may bo given by vanous 
routes through the cornea, pupil and lens , through the 
cornea, iris and lens , through the cornea ins and zonule , 
or through the sclerotic Hildebrand found these four routes 
represented m forty three cases by C, 16, 6, and 15 respcc 
tnely The particle may jiass quite through the globe into 
the orbit, remain near th'e site of entry, become imbedded in 
the opposite wall, rebound from it, or be suspended in the 
\ itrcous In the latter case it eventually smls to the bottom 
of the vitreous chamber owing to degenerative changes in 
the humour, which lead to liquefaction, partial or complete 
Sometimes air is carried in and appears as bubbles m the 
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vitreous , these rapidly become absorbed If the particle is 
small, the lens clear, and there has been httle hiemorrhagc the 
body may be seen ophthalmoscopically in the ntreous or 
retina The track through the vitreous looks like a grc} line 
The foreign body, generally black, and often with a metallic 
lustre, 13 surrounded by white exudate and red blood*clot If 
the particle has been long m situ it may become more or le<is 
encapsuled, a small white area of fibrous tissue being seen with 
dense masses of black pigment in and around it Fine pig 
mentary disturbance at the macula may follow, irrcspectuc 
of actual injury to this region, and indeed merely as the result 
of concussion More extensive degenerati\e processes also 
occur in the retina, which may become detached Encajaula 
tion 13 often rapid with iron, and useful %nsion may persist for 
an indefinite time Particles more than 1 — 2 mm in size are 
almost certam to lead to the destruction of the eye In the 
absence of sepsis siderosis bulbi is the almost inevitable cause 
of destruction /Vn encapsuled foreign body may become free 
after a long period of quiescence The encapsulation of foreign 
bodies in the retina depends largely upon their asepsis The 
amount of cicatncial tissue formed m the early stages is 
xni erscly proportional to the amount of necrosis which depends 
chiefly upon bacterial iniasion though mcchamcal mjurv and 
chemical action must also be tak'en into account 

Retinal degeneration attacks the macula or is generalised 
In the former group yellowish white spots appear in the region 
of the fovea and pigmentation may also occur Senota 
disturbance of vision results, and is not recovered from 
Generalised retmal degeneration takes the form of pigroenta 
tion, resembhug that of retinitis pigmentosa, and may be 
preceded by night blindness 

The prognosis is always bad It is least bad if the foreign 
body IS m the anterior chamber and the lens is not wound^ 
The eye may be saved if it is in the lens, especially m young 
people, whose lenses are capable of becoming completely 
absorbed The prognosis is far better when the lens is not 
wounded and this is still more markedly the case the younger 
the patient Illth a small foreign body the wound of entry 
13 so small that prolapse of ins rarely occurs, hut if the lens 
13 wounded, and more particularly if the patient ts young, 
so that the swellmg of the lens is excessue, the ins u press^ 
forwards against the cornea, anterior synechia is readil} 
formed, and the obliteration of the angle of the anterior 
chamber easilv leads to ^econclarj glaucoma If the ins is 
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mcatccrated in the wound m these cases the division of the 
synechia presents considerable technical difficulties, the ins 
and cihary body are kept m a state of irritation, and the 
dangers of sympathetic ophthalmia are greatly enhanced 
The satisfacto^ evacuation of the lens substance is much 
more difficult than m ordinary discission of the lens, so that 
the continued apposition of the wounded and inflamed iris 
to the cornea is scarcely to be avoided Slorcovcr, in my 
opinion, children are \ery decidedly more susceptible to sym 
pathetic ophthaltma than adulta 
Though the dangers of wound of the lens are diminished m 
older patients, there is no doubt that the prognosis is rendered 
graver by this coraphcation However satisfactory the result 
may be from the purely surgical point of view, an aphakic eye 



is decidedly less useful than one which retains a normal 
lens 

Treatment It is a rule that the foreign body should be 
removed There are rare exceptions to this rule, mote 
particularly if (1) the foreign body was probably stenle , 
(2) little damage has been done to vision , and (3) the process 
of removal wiS almost inevitably destroy sight These con 
ditions are most often fulfilled in the case of mmute foreign 
bodies m the retina 

JXsgnetisable lareiga bodies are more easily removed than 
others, since the small or the large electro magnet can be 
brought to bear upon them 

A chip of steel free m the anterior chamber is removed 
m the following manner by the baud magnet (Tig 238) 
Hetro ocular anesthesia or mtnxi. enous pentothal sodium 
should be used omng to the intis already present After 



454 DISEASES OF THE ElE 

washing out the ejc a keiatomc incision is made abo\e, 
J mm from the limbus The kerstomc is pushed «>tra!ght on 
until the incision is of the required size, remombenne, that 
the internal wound m the convca is smaller than the external 
Tlie kentome is remoied moderately quickh but smoothly, 
so as to prei ent loss of aqueous The pole ol the small magnet 
IS then placed oier the foreign body outside the cornea and 
moied towards the wound thus dragging the pirticle along 
the back of the cornea The posterior lip of the wound is 
then depressed with the pole and the foreign bodj is drawn 
towards it out of the wound If much aqueous is lost it is 
more likels to become entangled m the iris and considerable 
difficulti may be experienced in freeing it It is wise to wait 
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20 mmutes for the anterior chamber to re*fonn before reraoi mg 
the foreign body and it may be necessary to pass a flat pole 
into the chamber All the preparations for dealing w^th a 
prolapse of ms must be made (tide p 2l2) 

A foreign body on the ms may sometimes be removed 
with ins forceps through a similar incision If it ts entangled 
in the ms tissue, the ms must be drawn out of the wound 
and the part oontaming the foreign body excised writh 
de Weekers scissors, as in the operation for inclectomy 
(tide p 470) 

If a non magnetic foreign body lies on the ins in the angle 
of the antenor chamber it is impossible to get at it with 
forceps by an ordinary keratome incision immediately over 
It, such as the comeal incision to the nght in Fig 237 The 
incision should be made at 3 mm inside the limbus in the quad 
rant of the cornea lying over the foreign body tit point of 
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the ketatome being directed straight at the forefgn body 
(Fig 237 to the left) The foie^ body can then be lifted out 
with toothless forceps, and the risk of prolapse of irjs is al'^o 
mimimsed (Goulden) 

If the foreign body is in the lens, a few days should be 
allowed to elapse for the aqueous to act upon the lens fibres 
A curette evacuation (vide p 484) is then performed and the 
foreign body will probably be evacuated with the lens matter, 
or It may be removed by forceps, or if magnetisable, by 
the small magnet In a young subject it may be advisable 
to increase the opening in the capsule by discission a few 
days before doing a curette evacuation In these cases a 
subsequent needling will often be required to obtain a clear 
opening in the pupillary area of the capsule It should be done 
in exactly the same manner as after discission for lamellar 
cataract If the patient’s other eye is normal he will not be 
able to wear the conectmp glass for the aphakic eye, but 
hts field of vision will be increased on this side A more 
cogent reason for operating is found in the fact that it is 
easier to obtain a clear opening at this period than after 
months or years, when the capsule will have become thickened 
and very difficult to dmde In elderly patients it may be 
necessa^ to extract the lens by the operation for extraction 
of semle cataract (vide p 486), but the large amount of soft 
lens matter will increase the dangers of the operation 

If the foreign body is m the vitreous or retina it is practi 
cally impossible to remove it without very eexioualy damaging 
the eye unless it is magnetisable The treatment then lies 
between leaving it alone and watching the case, or excising 
the eye on account of the damage done or the danger of 
sympathetic 

If the substance is iron it may be possible to remove it with 
the large magnet (Haab’a Giant Magnet or Mellmger’s Ring 
Magnet) This will be facilitated by knowing its position 
either by direct observation or by skiagraphy , some hint 
may be obtained from the position of the wound of entry and 
tlie probable direction in which the foreign body was travel 
Img If the patient is seen immediately after the accident it 
18 best to use the large magnet at once, without waiting for a 
skiagram The longer the foreign body is left the more firmly 
it becomes imbedded m exndates or fibrous tissue, and the 
less the probability of its successful removal 

The patient, whose pupil should be fully dilated, is seated 
m front of the magnet if Haab's mstrument is used (Fig 239) 
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The t}e is brought close to the magnet, the cornea touching 
the pole This is itopoitawt since if there is a large piece of 
iron in the ere and the cornea is not in contact with the pole 
the whole eye may be drawn forward out of the socket whtji 
the current is turned on Moreover, the direction of the 
cote of the magnet should coincide as neatly as possible 'vnth 
the direction of eiitrj of the foreign body The current « 
then tumetl on some pain la usually felt nhen a piece of 


Fso SaS — IteiBow of lotrsocoUT 
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steel IS present within the eye If the operation is successful 
the foreign bod} comes forward into the postenor chamber 
Itma} beneccssar} to turn the current on and off so eral times 
before this happens If the particle is small and deeply 
imbedded the operation is ULely to fad , hence it ahoidd be 
performed as soon as possible after the injury, before the chip 
has become firmly encapsuled or imbedded in exudates The 
foreign body generally passes round the lens not through it 
It will be seen bulging the ins forwards The current 
should then be turned off and the eye adjusted so that the 
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particle will be drawn towards the pupil (Fig 240) When 
It baa fallen into the anterior chamber the patient is transferred 
to the operating table and the foreign bod^ removed with the 
small magnet m the manner already desenbed 

In some cases when the foreign body has been accurately 
localised and the large ma^et has failed to bring it forward 
it can he removed by the small magnet introduced through a 
scleral incision made by surgical diathermy is nearly as po^ible 
over the site. 

The immediate effect of extraction of foreign bodies with 
the large magnet is often good, but irreparable damage is often 
done to the eye The tracks through the vitreous often become 
hlled with fibrous tissue As this organises and contracts the 
retina is pulled up, and total detachment destroys vision Or 
more severe indocychtis may be set up and the eye shrmks 

The nng magnet has the advantage that tbe patient lies upon 
the operating table throughout When a current passes round 
a solenoid a toagnetic field is generated, its greatest saturation 
being m tbe central axis of the solenoid The ring is placed over 
tbe patients head, which is arranged so that the affected eye 
IS as near tbe centre as possible When the current is turned 
on every steel instrument placed witbn the ring becomes a magnet 
the force varying with tbe mass of metal m tbe instrument and 
its position in the nog Tbe foreign body is drawn forwards as 
already described, by means of rods of soft iron of various sizes 
Tbe smallest should be used first and the largest should be firmly 
grasped, otherwise they will be dragged out of the hand and thus 
do damage As soon as tbe foreign body is seen to bulge the ins 
forwards the position of the rod is altered so as to draw it through 
the pnpil It may then be withdrawn by the small magnet or a 
kcratomc incision can be made, and the smallest rod or a steel 
spatula can he used in tbe same manner as the hand magnet 


rAVOPHTHALMlTIS 

Panophthalmitis is generally caused by infected wounds 
whether accidental or the result of operations, and ulcers Less 
heqiiestif li 2S 

petal fever, meningitis, and orbital cellulitis (nde p 341) In 
the exogenous form the vitreous is usually first affected , 
organisms grow in it as m n culture medium, and purulent 
cycbtis, rctmitis, and choroiditis are set up (Fig 241) In 
most cases the deeper parts of the vitreous are infected In 
simple prolapse through a ackr&l wound the vitreous offers 
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remarkable resistance to infection (W. A. Gray). In the 
endogenous forms there may be a septic embolism of a retinal 
artery or the choroid may be first afiected. In this groap it 
may be bilateral. 

In both forms there is rise of temperature, headache, drowsi- 
ness, and sometimes vomiting. In the exogenous forms the 
edges of the wound become yellow and necrotic, hypopyon 
appears, there is great chemosts, with intense ciliary and con- 
junctival congestion, and the lids ate swollen and red. There 



FiO 211. — Section of the retiiu ud cboroid In panapblbalmiti* 
( X CO), /olkrwiiig » perforating wound 


IS severe pain in the eye, due at first to intis, later to increased 
tension. The vitreous becomes purulent, as shown by a yellow 
reflex by oblique illumination. The anterior chamber soon 
becomes full oi pus, and the cornea cloudy and yellow ; ring 
infiltration may occur (ride p. 442). There maybe exophthal- 
mos and limitation of movement of the globe, due to extension 
of the inflammation to Tenon’s capsule. In the metastatic 
cases rapid failure of vision, a yellow reflex, and hypopyon are 
found in the early stages. 

If the case is left to lake its course the pus bursts through, 
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usually just behind the limbus The pam subsides and after 
prolonged suppuration the eyeball shrinhs 

The prognosis is bad, the eye being almost invariably 
lost The condition is not likely to set up sympathetic 
ophthalmia 

The pneumococcus is responsible for roost cases of panoph 
thalmitis but it is also caused by staphylococci, streptococci, 
bacillus coll, bacillus pyocyaneua (nde p 442), and even by 
saprophytic orgamsms such as bacillus subtihs 

Treatment In the early stages after operation ivounds an 
attempt must be made to slay the process The edges of the 
wound ate cautenaed with pure carbolic acid or the actual 
cautery The anterior chamber may be washed out with hydro 
gen peroxide solution, and iodoform mtroduced Hot bathings, 
medical diathermy and leeches axe applied and atropine 
instilled Siilphonamides should be given in full doses (tide 
p 693) 

As soon as it is evident that the eve cannot be saved it 
should be excised This should not be left too long and great 
care should be taken that no undue pressure is put upon the 
eye If pus escapes there is danger of purulent meningitis 
being set up, the patient’s bfe being thereby endangered If 
there is any risk of this occurring the globe should be eviscerated 
by excising the cornea and scoopmg out all the intraocuhr 
contents special care being taken to leave no uveal tissue 
behind Tlie interior of the sclerotic is then swabbed out 
Nvith pcrchlonde lotion (I m 2 000) and the conjunctival sac 
irrigated with a large quantity of weaker lotion (1 m 5,000) 
3Iost of the sclerotic may be excised, but a collar of it should 
be left around the optic nerve 

SratFATHETio Ofhthalsha 

Sympathetic ophthalmia (or sympathetic ophthalmitis) is 
the much dreaded condition m which senous inflammation 
attacks the sound eye after injury of the other eye In recent 
years sympathetic ophthalmia has become a rare disease in 
spite of the fact that ophthalmic su^ry has become more 
conservative Though, common in the American Civil and 
Franco Prussian Wars it was very rare during the Great War 
This gratifying fact is due to increased skill m the treatment 
of perforatmg wounds, particularly m the application of anti 
septic pnnciples, A perforating wound, especially i£ a foreign 
body IS retained withm the eye is, however, a source of great 
anxiety to the most experienced surgeon 
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Sympathetic ophthalmia almost always results from a per 
forating wound, especially such as is caused by a foreign bodv 
which remains withm the eye ounds jn the cilia^ region — 
the so-called “ dangerous zone ” — m% ohmg the ciliary bod} 
and leading to its incarceration in the scar, ha\e always been 
considered specially dangerous , it is doubtful if, per se, they 
are more dangerous than others On the other hand, it is 
certain that wounds m which ms, ciliary body or lens capsule 
13 incarcerated are more likely to set up sympathetic oph 
thalmia than others If suppuration supervenes sympathetic 
ophthalmia is very unlikely to follow , hence perforating 
ulcers very rarely cause it It is also extremely rare without 
perforation if indeed it ever occurs m these circumstances 

Children are particularly susceptible, but it occurs at any 
age It usuallr begms four to eight weeks after the injury to 
the first eye (the exciting eye) has taken place, rarely earlier, 
but the onset may be delayed for many months or even years 
—It IS said as many as 40 years 

There is always mdocycUtis in the exciting eye Usually 
it IS a plastic indocyclitis which has been set up bv injury and 
has not subsided m the course of three or four wee^ Instead 
of quieting down the ciliary injection remains, there is lactv 
mation and the eye is tender special attention should he 
directed to the presence or absence of precipitates (“ k p *') 
on the back of the cornea In the rarer cases of delayed 
sympathetic ophthalmia the exciting eye has passed mto a 
quie'iceut state It may have shrunken completely The 
onset of sympathetic ophthalmia in the second eye is then 
often ushered in by return of irritation— ciliary injection, 
tenderness, &c — m the shiunken globe The exciting eye, 
while showmg evident traces of old indocycliti'», may yet 
possess useful vision 

Sympathetic ophthalmia — the disease in the second or 
sympathismg eye — is almost always a plastic indocvclitis 
diflermg in no respect from this form of iridocyclitis due to 
other causes In rare cases it manifests itself as a neuro 
retinitis or choroiditis In cases which the surgeon kmows to 
be liable to tbe condition the first sign may be the presence of 
precipitates ( ‘ k p ”} on the back of the cornea, noticed at 
this early stage because they have been dreaded and carefully 
•watched for In other cases the patient first seeks advice for 
defective vision or mflammation in the uninjured eje (svm 
pathetic irritation) 

Prodromal symptoms ate seositiv eness to light and transient 
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indistmctness of objects The latter is due to weakness of 
accommodation , objects become blurred when doing fine work, 
but after an mten al of rest vision impro\ es On exammation 
at this stage there may be kcrj^natioa, slight cihary injection, 
tenderness of the eyeoall, as shown the patient shnnkmg 
from an attempt at examination, precipitates on the back of the 
cornea, and vitreous opacities The prodromal symptoms may 
occur in intermittent attacks, spread over a considerable period 
"When fully developed all the signs and symptoms of indo 
cycbtis (g V ) are present, varying m degree according to the 
seventy of the case The prognosw as to vision is always 
doubtfu), but if there is much deposition of plastic exudates 
in the pupillary area it becomes extremely grave Cases show 
mg little exudation serous mtis "), but a deep anterior 
chamber and " k p have a mote favourable prognosis, but 
they may at any moment develop into the severe plastic type 
Tension, difficult to determine on account of tenderness, is 
moderately raised in the early stages It may then pass mto 
the condition of lowered tension with gradual shnobng of the 
globe , or the iridocyclitis may subside, the eye quieting down 
and retaining fair vision Jo tbe worst cases a nng synechia 
forms and secondary glaucoma supervenes [vide p 281), or 
both occlusio and aeclusio pupill® or total postenor synechia 
{vide p 259) occur and the eye shrinks Sympathetic ophthal 
mia sometimes takes two or more years to run its course 
The •paOidlogy of sympathetic ophthalmia is unknown. The 
nucroscopic features in both the exciting and the sympathising 
eye are the same In the earliest stages examined there are 
nodular aggregations of small round cells scattered throughout 
the uveal tract In later stages the infiltration becomes diSusc, 
and epithelioid and giant cells appear , in fact, the condition 
IS scarcely distinguishable &om tubercle of the uveal tract. 
These are merely the signs of reaction to a constant, relatively 
mild form of irritation, and the new that tbe disease is tuber 
culous (Mellet) is improbable The ordinary signs of uveitis 
and its consequences are present 
The evidence which has accumulated in modem times tends 
to show that sympathetic ophthalmia is an infective disease 
It IS least liable to occur in otherwise likely cases if tbe wound 
or the retained foreign body is stenie On the other hand, it 
very rarely occurs if actual suppuration has taken place in the 
excitmg eye , possibly this may be due to some specific 
oiganism bemg destroyed by the superabundant grorrth of 
pyogenic organisms It is more likely to occur from retention 
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of ebot, a ctup of stone, glass china, , than from that of a 
particle of hot steel, probably because the latter is sterile 
Stenlity of an ocular Tround is usnally judged by a sati«fac 
tory course of healing and the absence of suppuration It is by 
no means certain that all such trounds arc, stnctly speaking 
stenle The resistance of the patient’s tissues has to be taken 
into account With the same precautions a cataract wound 
may heal readily in a healthy man, but only after prolonged 
subacute iridocyclitis m a weakly patient In many of the«!e 
cases there are reasons for delayed cicatnsation such ns 
incarceration of the ms 85Tiechia of lens capsule A.C , but the 
eTact mode m which they act is a matter of conjecture 
^ anous theories have been brought forward to eiplam the 
occurrence of inflammation m the aympathi^mg eye It has 
been suggested that severe inflammation in one eye produces 
a tendency to ciUary imtation m the other eye by some occult 
means connected with their anatomical and physiological 
aymmetry , there is no evidence to support this conjecture 
Jjore probable, a pnon, is the view that infection travels along 
the optic nerve nd the chiasroa On this theory one would 
anticipate neuro-retuutis m the aympathismg eye as the most 
frequent manifestation of the disease but it is extremely rare 
The experiments supporting this theory fail to substantiate it 
The most probable tneory is that there is a specific organism 
or virus wbch has as yet escaped observation, possibly 
because it is ultra visible by the microscope, but one whica 
causes general infection through the bloou stream It ma^ 
be that in addition to the mfection there is an allergic factor, 
since It has been shown that ureal pigment can act as an 
antigen It may be conjectured that the organism is harmless 
to other organs of the body, and that it finds a suitable nidus 
only in the other eye perhate owmg to allergic hjrpcr 
sensitivity of the ui cal tract Kus theory evplains best the 
facts of both ordinary and anomalous ca«ps When sjunpa 
thctic ophthalmia supeneces after the injured eye has long 
been slminken it may be conjectured that the otganisra has 
lam quiescent and encapsulcd The fact that in such ca^es the 
shrunken eye is again injured or becomes spontaneou<>lj 
irritable and inflamed shortly before the outbreak of inflamma 
tion m the other eye lends colour to this new Cases in which 
the injured eye is exci»cd and sympathetic ophthalmia is said 
to supervene many years afterwards are best explained as 
ordinary iridocyclitis — a by no means rare disease — occurring 
quite independcnth of the injory 
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The treatment of sympathetic ophthalmia is one of the most 
dilEcult problems m ophthalmology, and often demands the 
exercise of great judgment 

It IS, m the first place, prophylactic In every case of 
perforating wound, with or without the retention of a foreign 
body, the question of excision of the eye on account of danger 
to its fellow arises It may be assumed as an axiom that 
stjmpalkdic ophthalmia never occurs after the exctsion of an 
injured eye unless it has alr&tdy commenced at the hme of opera’ 
lion Hence, early excision la a positive safeguard against the 
disease The injury to the eye may, however, be otherwise 
trivial, so that restoration of good sight may be possible The 
rule should be to excise any eye which is so mjured that it is 
improbable that useful vision will be regained In cases where 
this is doubtful expectant treatment mav be adopted for a time. 
If the eye quiets down quickly it is unbkely to set up syropa- 
thetao ^yhat. then, are the chief causes which keep up 
irritation t The most important are entanglement of the ma 
or cihaty body or lens caMuIe in the wound, and the presence 
of a retained foreign body. Every effort must therefore be 
made to free the itis or ciba^ body iiom the wound by excision 
of any prolapse, followed, if necessary, by division of anterior 
synechue Upon the success of these efforts the retention of 
the eye may depend If they fail, which is most likely to be 
the case if the lens is also wounded, ciliary injection is certain 
to continue 

During this expectant penod the most careful watch is 
kept for “ k p ” If the eye continues imtable, with ciliary 
injection, photophobia, ood lacrymation, and above all if 
“kp” appears, the eye should be excised It is seldom 
wise to wait longer than a fortnight unless there are un- 
doubted signs of amelioration The slightest sign of ciliary 
irritation or “ k p ” in the other eye indicates the necessity 
for immediate excision of the mjured eye It must be re- 
membered that children are mote susceptible than adults 
Cate must be taken not to confuse a simple conjunctivitis 
with ciliary irritation 

ijven mom cfrfScuiV At (feunfe nr ifte ireatoefri' ca fiase casisr 
m which sympathetic ophthalmia has already supervened If 
the case is seen early, shortly after the onset of infiammation 
m the sympathising eye, and if the injured or excitmg eye has 
no useful vision, this useless eye should be excised at once 
There is no question that the excision of the exciting eye has a 
good effect upon the process m the sympathising eye if per- 
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fonned earif At a later stage there is no e\ idence to show 
that it everts an} infiuence at all 
The chief difBcuIt}: ansea when the exciting eye has useful 
vision and the inflammation m the sjmpathismg eye is severe 
If this IS the condition soon after the injury it may be wise to 
excise the injured eye If, however, a considerable tunc has 
elapsed smce the mjtiry, excision of the exciting eye is liLcly 
to hare little or no influence upon the process Moreoier, m 
the end the injured eye may have better vision than the 
sympathising one, for if the iridocyclitis is severe the sympa 
thismg eye may he lost m spite of all efforts Under these 
conditions therefore the injured eye should be retained 
The treatment of the sympathetic indocychtis is that of 
iridocyclitis in general (wrfc p 273) In admtion to atropme, 
hot bathings rest m a dark room, leeches Ac , the patient 
should be brought rapidly and thoroughly under the influence 
of mercury Mercunal inunctions should be pushed, so that 
salivation occurs withm a week, and the patient should then be 
kept on the border line of mercunalisation for a considerable 

E enod 3Iassive doses of sodium salicylate ha\e proied 

eneficial in some cases On the theory that the disease is a 
protosoal infection the inlri\enoii3 injection of K AB has 
been advocated the results haie been encouraging In later 
stages pilocarpiue injections and the adnunistrationof iodides 
may assist m the absorption of exudates, and lead to improve- 
ment of insion Perseverance in these measures, aided bjr 
general tonic treatment is of the utmost importance 

Recently an old procedure, the formation of a “ fixation 
abscess has been advocated for sympathetic ophthalmia 
(van Lint and Coppez) One cc of pure oil of turpentme 
13 mjected subcutaneously in the flank An aseptic alwcess 
develops and is opened on the seventh day Shock therap} 
{vide p 694) is at least as effective especially typhoid para 
typhoid vaccine or antidiphthentic scrum. 

Improvement of vision may occnitonally be obtained bv 
operation but no such interference is to be contemplated until 
all inflammation has subsided and the eye has been quiet for 
several months In the milder cases an optical iridectomy 
may do good In the worst cases so long ns there is percep 
tion and moderately good projection of light more desperate 
operations such as extraction of the lens Ac., may be justi 
fiably undertaken if the other eye is blind or has beenremovc<l 



CHAPTER XXII 
Operations upon the Eyeball 
Anesthesia and Akinesia for Eye Operations 

In most ophthalmic operations, and particularly in intra 
ocular operations, it is desirable to have the conscious co 
operation of the patient and to avoid the risks of the after 
efiecta of general anajsthesia Hence local ansstbesia, with 
or without pre medication, should be used except for neurotic 
and highly strung patients For these the previous admmis ^ 
tration of a sedatiie may suffice , if not, a general anrosthetic 
must be used 

Local Ansssthesia (1 ) Surface Anasthecia Cocaine and its 
many deriiatives are readily absorbed b) the conjunctiva 
and cornea, and produce complete anaesthesia after instilling 
4 drops of a 2 per cent solution at intervals of five minutes 
The ins, however, is not rendered completely anaesthetic by 
this method Cocaine occasionally causes alarimng symptoms 
m old and debilitated patients and as an idios 3 mcra 8 y but 
this IS very rare as a precaution sustained pressure over the 
lacrymal sac during instillation will prevent absorption from 
the nasal mucous membrane Neither cocaine nor pantocam 
must lie used for liypodemuc iiijection, novocain being much 
safer Pantocam is preferable to cocaine as it neither damages 
the corneal epithelium noi <loes it dilate the pupil The 
cornea remains clear and the sense of pressure Vi abolished 
so that the weight of instruments la not felt Pantocam 
(also known as dessicain) is a novocain derivative, readily 
soluble in water, is stable when boiled, and mixes well with 
adrenaline It produces a burning sensation and blepharo 
spasm for about a minute, and a slight hyperteraia which 
At* ibne xaatSJissi 

(2) InjUlratwn and Rqjional Anivsthesia Infiltration 
anesthesia is used in ophthalmic surgery both to climmate 
pam and to paralyse muscle for protective purposes When 
injecting the tissues it is easential to keep the needle point 
moving and to withdraw the piston slightly from time to time 
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fo as to be sure that the iDjection is not being made into a 
blood vessel Xo\ocam or no^Titox thoulcl be msed, and their 
combination with adrenaline prolongs the action and reduces 
absorption and toxicity Kovutox is composed of novocain 
qumatonne, benzoic acid» and Emgers ‘olution It is 
isotonic, seU-sterhsing, and does not irritate the tissues It is 
specially useful in cases of acute dacryocystiti’’, lid nb^e«>« 
and hordeolum 

Infiltration anasthesia with novocain and adrenaline (no%o- 
cam (2 per cent ), adrenaline 1 in 10 000) is employed for 
operations on the lids for the removal of growths, injuries and 
plastic repairs, and electrolysis of the lashes The lid margm 
13 difficult to anaiathetise , a fine needle should be ii^ed ami 
the injection gnen slowly and thoroughly To effect antes 
thesia of the ins 1 c c of novocain (4 pet cent ) is mjoctc<I 
into Tenon’s capsule about half way between the temporal 
border of the superior rectus and the upper edge of the external 
rectus A fine needle is used, and care is taken to insert it 
aery ohhquelythrough the conjunctiva to aaoid the site of n 
vena vorticosa, and to keep close to the sclcm The injection 
IS made just behind the equator This is safer than giving a 
retro ocular inioctjon of 1 cc of novocain (4 per cent) n 
procedure in umch a fine needle, 6 cm long is pa&«od through 
the skin of the loner hd along the outer wall of the orbit for 
4 cm and then turned medially for about 1 cm 

In cases vhen a general ansesthetic is undesirable tbc eje 
can be remov ed painlessly by on injection of C c c of novocain 
and adrenalme into the apex of the orbit 

In intraocular operations tempomry paralysis of the orhi 
culaiis muscle is necessary »n order to juevent squeezing 
together of the lids For this purpo«e 4 to 5 cc of novocain 
and adrenahne arc injected down to the periosteum covering 
the neck of the mandible where the upper branches of the 
facial nerve pass forwards and upwards At the site of 
injection the skm can be made partially arursthetic by applying 
carbolic acid {5 to 20 per cent ) on a cotton applicator A 
o c c syringe with a bayonet attachment for the needle should 
be used , the needle should be fairly stout and 14 inches in 
length The patient should be mstnictcd to open hia mouth, 
and the position of the condyle and tcmporomandihular 
jomt IS located by the operator’s left forefinger After closing 
the jaw a point J inch below the position of the condyle is 
selected for the insertion of the needle, which should pass 
straight down to the periosteum Four or 5 c c arc lUjectMl, 
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and after withdra^sing the n^Ie firm pressure and local 
massage arc applied Paralysis of the orbicularis occurs 
within se\ en minutes 

An alternative method js mjcction across the branches of 
the facial nerve as they traverse the malar bone A fine 
needle, about IJ inches m length, la inserted down to the 
periosttum of the malar bone at a point about 1 cm below 
ind bchmd the outer cantJms The needle is passed upwards 
towards the temporal fossa, forwards and downwards towards 
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the infraorbital foramen, and downwards and baclcwards 
towards the tragus for an inch or so (Fig 242) 

The frontalis muscle and the supraorbital nerve may also be 
infiltrated by insertmg the needle 1 cm aboi e the external 
anguhr process and passing it close to the periosteum along 
the supraorhital margin until the supraorbital notch is reached 
The advantage of this method is that it provides regional 
aniDsthesia as well as paralysis of the orbicularis muscle 
Pre-medtcation BasalNa>cosia Morphia heroin, omnopon, 
and scopolamine are tlrugs which are commonly used before 
opeiation to allay fear and facilitate the quiet induction of 
general aniBsthesia They a»e liable to cause post aniesthetic 
vomiting and constipation, and should only he used when 
specially indicated as a preluninary m basil narcosis The 
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Action of basal narcotics is largely hvpnotic Luminal gr t, 
taken by the mouth one hour before operation is effcctn c in 
rendering most adults quiet, yet still co-operative Lcmbutal 
has been used in the same way A capsule containing li pr> 
IS given the night before operation, and one or two capsulc<» 
according to the patient’** weight and age one hour before 
operation Its action varies con«iderably, being without 
effect in some persons or causing a restle&s seim-consciousne«s 
in others 

Zn/raieMOKS -fdwnnwt/'a/iOH of Drugs The best drug for 
this purpose is pentothal sodium a rapidly acting batbituratt. 
which produces a fallof blood pressure and mtraocnlarpressure 
good relaTation and modetatelj quick ^eco^ery of conscious- 
ness It IS a lemon yellow powder put up in ampoules of 

0 5 and 1 gram dissoUed m 10 cc of sterile water these 
form 3 and 10 per cent solutions re»pcctisely The solution 
must be allow^ to cleat before injection as it is important 
that there should be no precipitate 

A subcutaneous injection of berom (i gr ) and atropine 
(J/100 gr ) IS given to adults three-quarters of an hour before 
the mtraienous injection It is essential to hs\e oijgcn and 
carbon dioxide a\ailab]e and aUo coramine (5 c c ) for ultra 
venous injection A good airway is necessary, and for thw 
purpose a Hewers oral prop is inserted and on assistant 
should be instructed to keep the lower jaw forward throughout 
the anaesthesia 

The 5 per cent solution gi'es gooil mduction and the 10 
per cent is fa\ Durable for its maintenance The injection 
must be made smoothly at the nte of 2 to 3 c c in the first 
fifteen seconds A pause of thirty seconds, during which the 
patient i« engaged in comcnation allows the effect to be 
observed uncoo'miousness gcueiall) occurs m fifteen to 
thirty seconds A single injection suffices for on operation of 
ten to twent\ minutes dumlion For longer operations more 
of the solution is injecteil at the rate of 3 to 4 cc in thirty 
seconds The requisite dose \ancs from 0 25 gram to 1 or 

1 5 gram 

During the injection of the first 2 or 3 c c tht pulse rate 
increases returning to normal in o few minutes Kespimtjon 
IS quiet but depressed, thus causing some c\*anosis The 
slight fall of intraocular prcssnreis ndxantagcoiis in op< rations 
for glnucoma and intracapsolar extraction of cataract The 
pupil first dilates but soon becomes noniial Conjunct I'ol 
and corneal reflexes are a1x>Ii<he*l but it is wise to iL«e panto- 
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cam drops, mjcction o{ novocain and adrenaline into Tenon’s 
capsule, and facial nerve block During anaistheaia the eyes 
are central and directed slightly upwards 
At the end of the operation 6 c c of coratmne is injected 
intravenously In rare cases of severe collapse this may he 
increased to 10 c c , and carbon dioxide under pressure or a 
mixture of carbon dioxide, 6 to 7J per cent , in oxygen given 
to stimulate respiration The recovery is peaceful, and is 
rarely followed by headache, restlessness or vomiting 
Occasionally there is a slight taste of sulphur 
The contraindications to the use of pcntothal sodium axe 
(1) children, in whom the glottis is narrow and may easily 
become obstructed , (2) asthma , (3) hepatic and renal dis 
orders, (4) se\ere toxiemia , (6) severe anaimia and debility , 
(6) low blood pressure , (7) shock 
Inhalation anmthesia is indicated in operations upon 
children for equmt, application of radon seeds to the sclera, 
ic , for prolonged plastic operations, operations upon the 
orbit, and excision of the eye In all other ophtbalauc opera 
tioas it IS preferable to n«e local amesthesm with or without 
basal narcosis 

The chief objections to inhalation atuesthesm for intra 
ocular operations arc the dc\iation of the eye, Nascular con 
gestion, and post^opcrativerestlessncss and vomiting 
In o^er to interfere as little as possible with the operator 
the aniesthetic should be administered through an endo- 
tracheal tube connected with one of the modern types of 
apparatus Intubation of the trachea by the nasal route is of 
value m those plastic operations in which a mucous membrane 
graft is cut from the Up As this method may produce granu 
lomata in the larynx the oral route is generally preferable 
The anaesthesia must be deep enough to abolish reflexes, 
smcc sudden straining or coughmg may have disastrous 
consequences m intraocular operations 
The deviation of the eye can be corrected by an assistant 
fixing it with Colley's forceps and holdmg it m the necessary 
position A much safer method m intraocular operations is 
to transfix the insertion of the superior rectus muscle with a 
stitch which 13 then tied over a b^ on the speculum or held 
by an assistant 

Vasodilatation may be reduced by the instillation of adrena 
line if ether or mtrous oxide are being used It should not 
be used with chloroform anesthesia, aa auricular fibrillation 
and heart failure have been known to result 
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The se\erity of post-operatne \omitjng nia> be rt-fluced 
b} ensuring the absence of solid food in the stomach and the 
administration of nembutal or other suitable scdati'c The 
administration of glucose twenty four hours before and in n 
wihne enema after operation, together with injection of 
5 units of insulm before and after, is indicated when a con 
sidccable quantity of lipoid sohent is used 
Chloroform is more dangerous than ether, but it must bo 
employed when diathermy or a eanterj' js used, and it is 
generally more 'oiitable for children 

Operatiqvs upon the Cornea 
Paracentesis for hypopyon ulcer has already been descnlied 
(vide p 209) Paracentesis for cyclitis is performed in identi- 
cally the same manner as m the second method there described 

OPERlTfONS UPON THE 1 r13 

Indectomy, which consists in the excision of o portion of the 
ms, 13 performed for the following conditions —{1) Prolapsed 
tm , (2) comeal ot teoUcuIar opacities (optical iridectomy) , 
(3) glaucoma , (4) os a prehminary or as part of cataract 
extraction , (5) threatening ring synechia (vtde p 269} , 
(C) ectatic corneal cicatrices , 1(7) foreign bodies in, or small 
cysts or tnmoucs of the ins 

Indedomy for prolapsed ms has already been described (nde 
P 212) 

Optical irufectomy is indicated in some cases of localised 
opacities of the cornea or lens, \ery rorely for occlusion of the 
pupil or sublusation of the lens In all cases there must be 
proof or good reason to belieie that the light percipient 
structures are capable of performing their functions If the 
pitient IS old enough to have the vision tested this should show 
iroproicment when the pupil is dilated by a mydriatic The 
opacities must be focahs^, and in the ca»c of lenticular 
opacities there must be good reason to assume that they are 
stationary The results arc frequently disappointing 
An opficai iridectomy shoura 6e as narrow as possih/e, in 
Older to a\oid dazzling and to obtam an approximation to 
Btenopauc Msion (vision throngh a narrow slit, nde p 23) It 
should not extend to the cili^ border The site of election 
13 down and m (Fig 243), but in the case of corneal opacities 
the clearest region of the cornea must be chosen unless this 
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happens to be above, m which case the coloboma would be 
covered by the Ijd and useless f<» vision 
Instruments required • speculum, two pans of fixation 
forceps, bent keratome, ms forceps or ms hook, de Weckec’s 
scissors, ins repositor General amestheaia is only necessary 
in very young or neurotic patients 
The keratome is inserts at or just inside the apparent 
corneoscleral margin, the blade bemg kept parallel to the 
plane of the ms It is pushed on until the mcision is suffi 
cicntly long The handle is then depressed, bo that the blade 
lies agamst the back of the cornea , the danger of pricking 
the lens with the point is thus reduced to a mmunum The 
keratome is then slowly withdrawn The ins forceps are 
inserted closed, then opened very slightly and the ms seized 
just outside the pupillary matgm or the ins may be drawn 
out with a blunt ms hook, which allows a narrower colohoma to 
be made The ms is drawn oat of the wound and a portion 
escised with de Weeker’s Bci^sors A 
sliMike colohoma is made by holdmg 
the scissors so that the blades are m 
the direction of a ra^us of the ms 
(Fig 246), the narrowest colohoma may 
be made by a simple radial mdotomy, no 
ins being removed The ins is freed from 
the wound, unless already free, by the rc 
positor Stenie atropine ointment is 
introduced into the conjunctival sac 243— Diagfam of 

and the ere is bandaged 

Irxiedomjjor Intis (videp 269) should “t the bS euSuo/ 
be performed as m optical mdectomy, 
but in the upper part of the ins 
Prelitntnartj Indeciomy (ride p 315) MTien mdectomy is 
done as a preliminary to cataract extraction it should be done 
tilth a keratome in the upper part of the cornea and in the 
same manner as an optical mdectomy If there is raised 
tension {oide p 315) the section shoald be large, and the ms 
should be tom away as in mdectomy for glaucoma /tide infra) 
Irtdcclomtj for glaucoma has for its object the opemng 
up of a sulSciency of the angle of the antenor chamber 
to permit of efficient filtration of aqueous It is essential, 
therefore, that the colohoma shall extend to the ciliary 
attachment of the ms, and that it shall be broad at the 
periphery It has already been pointed out that when the 
iris 13 tom away the fracture occurs at the thinnest part. 
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\ iz , at the cUiaiy attachment This vnll generally happea 
in indectomy for acute glaucoma, li the attack is the first 
or early m the history of the disease In chronic glancomii, 
ho'we%cr — and the same applies to an acute eiaccihation 
occumng in the course of chrome or subacute glaucoma— 
the periphery of the ins is finnly adherent to the comeo 
sclera ^\^len the ms is tom away the fracture will be at 
the false angle and filtration of lymph will not be facibtated 
The rules usually given as guidance to the correct performance 
of mdectomy for glaucoma are that the section shall be pen 
phcral and the coloboma wide From the above remarks it 
will be seen that a very penpheral section is not very important 



in true acute glaucoma but that it has usually been thought 
of importance m chrome glaucoma 

In acute glaucoma and in acute exaccrbitions of the chronic 
form a general anaisthetic or deep local ansesthesii is required, 
chiefly because the high tension prev ents sufficient absoiption 
of cocaine to render the cornea — much less the icis — aaa:staetic, 
partly also because the patient s self-control has been shattered 
b} pain and annety In some of these cases and in mdectomy 
for old intis {vide p 269) mdectomy can be rendered painless 
by supplementing instillation of pantocam with injection of 
novocain into Tenons capsule It is important to wait 
sev en minutes before proceeding with the operation In chronic 
gVu-omrjii vf twiawn vs v«A high bittA 
may suffice Eserine should always be instilled into the 
unaflected eye {nde p 291) 

In cases of acute glaucoma with verj sliallow anterior 
chamber a preliminary posterior sclerotomy by diathermy or 
a Graefe knife {vide p 477) may be done ten minutes or so 
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before the iridectomy, but this is seldom cecessary if the 
treatment suggested on p 2^1 is carried out 
Instruments required speculum (Fig. 244), two pairs of 
Station forceps, narrow Graefe cataract kmfe, ma forceps, de 
"Weeker’s scissors, ins rcpositor 
The surgeon stands above the patient, using his ngbt band 
to make the section for the nght eye, the left hand for the left 
eye After the hds ha\e received a final cleansing and the 
coD)unctival sac has been douched with boric lotion or saline, 
sterile towels are draped round the heail, neck, and chest, 


and the face is coi ered with a gaure mask m which an aperture 

IS cut to give access to the eye A suture is inserted 3 mm 

above the centre of the upper lid margin (tide p 483) and 

clamped to the tonel The apeculum is then inserted and the 

eye feed close to the limbus down and m , care should be 

taken not to rotate the globe The knife 

IS held with its plane paraliel to the plane 

of the ms, care being taken that the back 

of the knife is away from the au^eon /^y\ 

(It 18 an extremely awkward accident to 

introduce the knife with the back up 

wards) The point is introduced at least 

2 mm behind the apparent corneo 

scleral margin Itis insertedatthe point 

corresponding with seven minutes to 245 _di„P^ el 

(right eye) or past (left eye) twelve on wound and roloboma 

a clock face (Fig 245) As soon as the ^ glaucon* mdeo. 


point IS in the antenor chamber it will 
look much brighter than the part in the comeo-sclera , if this 
IS not noticeable it is probable that tbe kmfe is badly directed 
and 13 burrowing in the cornea It is passed steadily onwards 

across the anterior chamber to a spot corresponding with seven 
minutes past or to twelve on the dial of a clock, where the 
counter puncture is made In glaucoma, especially acute 
glaucoma, the antenor chamber is very shallow, so that it may 
be very difficult to pass the knife across without catching in 
the Jxzs jaod wounding the leniv. * noost disastrous actideat 
The deepest part of the chamber is at the penphety, and it 
will usually be found easiest to coax the pomt of the knife 
round the pcnpheiy, gently pushing the ms away with the back. 

As soon as the coimter^puncture is made the knife is pushed 
on until 5 or 6 mm are exposed Cutting out is performed 
by a senes of small sawing movements, httle pressure upwards 
being required with the very sharp kmfe It vs very necessary 
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to u5e these sawing movements properly, as the sharpest knife 
fails to cut if it IS simply pressed hard against a surface 

In this manner the section through the comeo-«cleta is kept 
at a uniform distance of 1 or 2 mm behmd the apparent corneo- 
scleral margin Some conjunctical flap has already been cut at 
the sides, but the middle of the knife Made is still under the con- 
junctiva The edge of the knife is then directed forwards 
and the conjunctiva cut through by one or two sawing 
movements 

Dunng these manoeuvres care roust be taken that the pomts 
of the fixation forceps are not pressing into the globe, which is 
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Fiq 246 indMtomv vub bUd«« o( <!« W««Ver i icuM>n held rad bUj , 
Fid 247 mth bUdn b«M at right aDgW to the previoiu po^tma 
The tormer nethod mvtils la » norrover colobomt »^Kh m Is prefer 
sbte m optical indcvtom; and in extraction of rcnilc cataract with 
Indectomy 

\eTy likely to occur owing to the attention being concentrated 
upon the section 

If Dcce^arv the eye is nov' fixed with fixation forttjM, just 
below the cornel by an assistant who also draws the eyi 
downwards This requires a little skill If the eye is simph 
nulled down the wound will gape It should be rather rotated 
bv gentU pushing the points of the fixation forcejis into the 
lower fornix The surgeon takes the iris forceps in bn left 
hand and de Weeker's wissors in his right Uith a sterile 
swab the assistant turns down the conjunctival flap so that it 
lies over the cornea, unless this has been done previously 
with the back of the kmife after completion of the sectum 
The points of the closed forceps are then inserted in the 
wound and earned to a point half way between the pupillarv 
and ciliary margins of the iris at a point slightly to the nght 
of the vertical mendian of the cornea Tlie forceps arc opened 
slightly, and the iris gripped The ms is pulled out and cut 
to the right side of the forceps This stroke makes the right 
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{imb o{ the coloboma The wis w thea drawn across towards 
the ieft By this movement it is torn from its attachment for 
the whole width of the section It is then drawn a little bach 
towards the right, so that it may not be jammed into the left 
•ingle of the incision The free part is then cut o5 by a second 
snip of the sciasors This stroke makes the left limb of the 
coloboma 

The ms repoaitor is then taken by the surgeon, the eye still 
bemg fixed as before The tip of the repositor is introduced 
into the wound and msmuated between the cornea and the 
ms on one side By a radially directed movement the ms is 
smoothed out towards the centre of the pupil so that if the 
edge of the coloboma la caught in the angle of the wound it 
wiU be freed The same mancenvxe is repeated on the other 
side of the wound This part of the operation is very important, 
and may be very difficult Only woen the edge of the pupil 
la m its natural position end looks circular but for the small 
defect m the upper part is the surgeon convmced that the 
piUats of the coloboma ate free from entanglement m the 
wound The conjunctival flap is then turned back over the 
wound with the ins repositort care 
being taken that it is not folded upon 
Itself Any blood clot is carefully 
removed with forceps or a swab 
The surgeon lifts the speculum away 
from the eye, at the same tune 
seizing the lid suture Removing the 
speculum, he lifts the upper hd over 
the wound m such a manner as to 
prevent the hd from displacmg the 
conjunctival flap 

Both eyes are bandaged The unoperated eye may be 
uncovered after two days 

The chief complications which ma^ arise during the opera 
tion are haemorrhage into the anterior chamber (not usually 
senous, but mconvement) , wound of the lens (often not dia 
covered until opacity develops)., severe mtraocular hmmor 
rhage, leadmg sometimes to exti^ion of the lens, vitreous, and 
even retina 

It may be mentioned that some surgeons use a keratome 
m this operation Some also cut off the ms with one snip 
of the scissors, the blades bemg directed at nght angles to the 
direction of the forceps (Fig 247) It is difficult to imagine 
how this can produce an a^lutcly penpheral coloboma 



Fjo 248 — Drawing up of 
the ina after extraction 
of caUraet mth locar 
ceration of the piUara of 
the coloboma 
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The after tieatmeiit consists m complete rest in bed The 
eye is dressed once daily , neither mydnatic nor miotic vs 
instilled unless complications supervene 
The chief compbcations ansmg after the opention are 
extrusion of the lens (due to too large a section), injury to the 
eye by the patient (usually during sleep) {vtde p 495), severe 
intraocular hflimorrhage, ic Delay in re formation of the 
anterior chamber for several days may happen , though unde- 
sirable, it will probably lead to no ill effects The wound 
may bulge, with or without prolapse of ms or incarceration 
of the angles of the coloboma in the wound A cystoid 
cicatnx may result, not altogether undesirable from the point 
of view of filtration lu chronic glaucoma, but liable to arouse 
indocvclitis or permit infection and panophthalmitis Bulging 
of the wound may be due to partial subluxation of the lens 
which may necessitate extraction under grave technical diffi 
culties Wound of the lens durmg the operation leads to 
traumatic cataract also demanding extraction 
Indotomy is section of the ms without excision of any 
portion It is employed for making a new pupil when the 
normal pupil is closed or has been drawn up to the wound 
ol a faulty cataract extraction with incarceration of the 
pillars of the coloboma (Fig 248) In such & case it is 
usually done as follows A Leratome incision 3 or 4 mm 
long IS made near the periphery of the cornea at the most 
suitable part, usually the temporal side The direction of 
the section should correspond with the position of the 
proposed pimcture in the ms « e , it will be approximately 
radial This facilitates the openmg and shutting of the ms 
scissor*, and minimises the bruising of tbe lips of the wound 
The closed blades, one of which is pointed of de W ecker’s 
scissors are passed into the antenor chamber The pointed 
blade is forced throogh the ins and passed on honzontally 
The blades are then closed, a faonzontal slit being made in 
the ms This cuts across the stretched fibres, which retract, 
leaving an oval artificial pupil 
Indotomy may also be performed bv sawing movements 
with /Jiecler’s sicUe knife (hig 259) 

Sometimes the ins can be booked out through a kcratome 
incision by means of an ms book, and a piece cut off This gives 
a good pupil, but is of course atnctly speaking an indectomy 
The results of indotomy for artificial pupil are often 
disappointing, the inflammatory reaction causing the gap to 
fill with exudate which orgaimcs into scar tissue It u. 
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TrepAtmnj was first u«ed for gbocoma by Argvll Robert -jjb 
( 1876) and re introduced in 1909 by Freeland Fergus and 
R H Flliot The detiils of the modem method hare been 
chborated chiefly by Elliot The operation is indicated m 
chrome glaucoma and infantile glaucoma and has been re* 



Fio 233 — Fro 2>t^ Fio 25a — 

TooVen aogird Trrpbiue EILota due lortvp*. 

corneal cpl tier 

commended in some forms of secondary glaucoma c p , that 
following cataract extraction anterior staphyloma, &.c \ 
Instruments required tail's speculum (Fig 118) two 
pairs of fi_xation forcep (otdinarj and claw) tenotomj 
sci«sors iris repositor Langs Knife (Fig 252) or Tookes 
an^lcfl comeal splitter (Fig 253) 1 5 mm trephmei (Fig 
2o4) straight ins forceps or Elliot s di«c forceps (Fig ^255) 



OPERATION'S UPON THE EYEBALL 479 


dc Wcclrer’s scissore, needles, and needle-holder. The eye 
having been anajsthetised and a drop o! adrenalme instilled, 
the conjunctival sac having been doxiched, the speculum xs 
inserted. Tenon’s capsule is injected with 1 c c of novocain 
at the temporal edge of the superior rectus muscle and 6 mmimR 
into the subconjunctival tissues 3 mm from the limbus at 12 
o’clock. The patient is told to look towards his feet, and the 
conjunctiva is sensed with ordinaiy fixation forceps 8 or 
9 mm. above tbe cornea. A large conjunctival flap is made, 
almost concentric vitb the ma^m of the comea (Fig. 256) : 
the lower ends of the wound should be well away from toe 



Pro 256 

limbus, otherwise filtration is likely to be impeded owing to 
cicatricial tissue. The flap w dissected down to the upper part 
of the corneal tuargm and turned down over the cornea. It 
IS kept stretched in this position with the ms lepositox laid 
horizontally upon it. The subconjunctival tissue is divided 
With tbe Lang’s knife or Tooke's angled splitter, the utmost 
cate being taken to avoid bntton-holmg th^ flap The edge 
of the cornea is thus clearly defined, and tbe dissection is 
carried into the cornea so that the superficial lamellffl are 
dissected up with the flap for about 1 mm The trephine w 
then applied, so that half the aperture lies on the cornea, the 
other half on the sclera The corneo sclera disc is cut by a 
few rotatory movements. "When tbe anterior chamber is 
entered aqueous escape, and the pupil is displaced upwards 
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The trephine is removed, a knucUc ol iris protrudes from the 
\\ound and the disc is forced out It usually remains attacJied 
by a small hinge By tiltiug the trephine slightly forvrards 
so that the corneal side of the disc is cut rather more deeplr 
than the scleral, it is generally possible to insure that thi* 
hinge shall be on tbe scleral side The disc is seized with 
Elliot’s disc forceps and excised with de ^Veche *s scis'ors 
{Fig 257) The root of the iris is then piched up w ith straight 
ins forceps, drawn slightly downwards and from sule to side 
so as to pro<luce a peripheral iridectomy The cornea is gentl) 
stroked downwards with a rcpositor until the pupil is round 
and clear of the trephine hole During these manceinTes the 



a^istant mu^t keep the flap well stretcheil downward^ with 
the repositoi ( 110 / forceps) so os to a>oid it also being button- 
holetl — a rather serious accident The flap is then rcplacetl, 
fixed at the summit b\ a single suture and smoothed down , 
the speculum is ttnsoseil and the lid lifted otcr the wound 
There is a great tendency for intis to de%elop immediatcU 
after trephining Hence atropme should always be used on the 
followmg day and for seterat days afterwards 
The chief comphcatioas at the operation are making the 
trephine hole too peripheral, often with consequent escape of 
ntreous and incarceration of the ciliary proce'^es , Imtton- 
holmg the flap either with the trephine or de ecker’s scissors , 
escape of the comeo scleral disc into the anterior chnuiber, 
and non presentation of ins m the wound Tlie h;t com 



OPERATIONS UPON THE EYEBALL 481 

plication IS iisuaily iluotoslowescapeof aqueous owing to the 
licphnie being blunt 

There is often considerable delay m the re formation of the 
anterior chamber In rare casts it never tc forms the lens 
becomes opaque, and vision la usually lost 
Later compbcations are intia detachment of the choroid 
{vide p 3 .j 0) blockage of the iroiind with im, ciliary body, lens 
or Vitreous failure of filtration from dense cicatrisation, Lc 
Oning to the prominence and thinness of the overlying con 
junctjva late infection may occur long after the operation — it 
occurred in only 14 cases out of 536 trcphmmgs at Jloorficlds 
Fje Hospital (Davenport) 
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point move thiougb aics o! circles which have thtir centre at 
the spot where the shaft is engaged m the comco sclera 
HaNong thus made a curved, more or less \ertical incision in 
the capsule, a second mcisiou is made at right angles io it 
This IS done by very slightly withdrawing the needle so as 
to disengage it It is then passed farther on towards the left 
side of the pupil The handle is again slightly rai'ccl, and 
at the same tune rotated, so that the cutting edge is brought 
in contact with the capsule As the needle is slowly with* 
drawn a straight incision is made in it in a horizontal direc 
tion When this is sufficiently large the handle is depressed 
The handle is rotated so that the plane of the blade faces 
upwards, and the needle is quickly withdrawn from the eye 
By withdrawing it quickly no oqueous should be lost If 
much aqueous is lost, antenoi synechia may result Stcnle 
atropme omtment is mtroduceef into the conjunctival sac, 
and both eyes are bandaged 

The most important pomt about after treatment is keeping 
the pupil well dilated, which is done by atro* 
pmc omtment three or four times a day There 
IS ala ays some cibaiy reaction The amount 
of swelling of the lens fibres depends upon the 
size of the incisions m the ca^ulc, but also 
vanes with different lenses lire reaction is 
often very sbgbt m cases of true congenital 
cataract m these cases the ms responds 
scarcely at all to atropine If it is particularly 
desired to avoid the necessity of a subsequent 
curette e\acuation the mcistons should be quite 
small ID the first operation If it is intended 
to perform a curette evacuation [vide p 484) 
the incisions may be as large as possible, and the 
needle may even be mtroduced moderately 
' deeply into the lens and the fibres broken up 

kaik ^ * In these cases, and occasionally when it is not 
anticipated, there is great swelling of the lens, 
the anterior chamber becomes filled with flocculent masses , 
there is intense ciliary injection accompamed by raided tension 
and pava Tbft tensvon soTostiTtwa subside va a low bouts "Rdb 
leeching but if not must be relietcd at once, or the sight will 
be seriously damaged by secondary glnucoma A curette 
esacuation is then done (vide p 484) In cases m which no 
curette etacuation is performwl a second and third needling 
will usually be necessary before o clear opening is obtained 


iri 
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wjth the fl-tt surfaces upwards through the cornea at opposite 
sides of it in the horizontal mendnn 3 or 4 mm internal to 
the apparent margin (Fig 2G0) They ore passed through the 
centre of the membrane clo«c to each other, and the cutting 
edges are swept m opposite direction^ one up and the other 
down, care being taken that each needle rotates around the 
spot on the shaft which js engaged in the cornea In this 
manner the points are drawn apart, and the membrane is cut 
A further attempt may be made to tear it in the direction at 
right angles The needles are withdrawn! quickh «o that 
aqueous may not be lost Atropine is instilled, and the eye is 
bandaged There is seldom much reaction, unless the pre\ lous 
operation has been faulty , in such cases the additional 
irritation may precipitate an attack of sympathetic oph 
tbalmia 

^\hen the membrane is \ery dense it is often best to dnide 
It with scissors as in indotomv (tide p 476), or the \ery 
ingenious canula sci«sow may be employed They were 
inaented many years ago but fell into disrepute owing to the 
loss of 6) es from sensis Thev should be kept in alcohol when 
cot in use A small penpbcral puncture with n broad needle 
IS first made, and through this the canula sciMors arc 
introduced 

It mav be mentioned that needling operations are by 
no means so simple os they appear in the hands of an ex 
penenced operator Every mosement of the ncetlle must 
be made round the spot w here the shaft jicnetratea the globe 

Curette Evacuation or Linear Eictraction is the operation 
whereby after discissiou whether accidental (traumatic 
cataract) or intentional, the softened lens matter is let out of 
the imtenor chamber 

Instruments required swccuI«m(Fig 244) fivation forceps, 
bent keratomc curette (Fig 262) lens expreasor (Fig 2CC) 
ms repositor irrigation apparatus (i*it?e p 404), (toothed 
capsule forceps) Local anasthcsia suffices, except in. the case 
of children or unrulv patients 

The pupil must be fully dilated with atropine The position of 
the section is of little importance , some surgeons place it above, 
where it is under the upper lid, others below The stirg<^3n 
stands accordinglv citherabove or at the side of the patient 

The conjunctival sac having been douched and the speculum 
inserted the eye is fixed with fixation forceps The keratome 
IS j««scd through the cornea 1 mm internal to the apparent 
margm (cf wound in Fig 213) with the blade parallel to the 

i 
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plaue of the ms It is pushed on until the incision is about 
5 ram long The point may be dipped so os to pass into the 
lens vnthout disadvantage, and the incision may be increased 
as the keratome is being slowly withdrawn bv extending each 
angle, using the two edges of thekeratome like knives Toothed 
capsule forceps may be introduced into the anterior chamber, 
opened for 3 mm , gently pressed into the capsule and closed 
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FiO 2(S1 '^Gracte cataracl 
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TAiitftge of being less rest 
bent The kniree used for 
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generally re ground caterset 
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^lovements of 2 mm to the temporal and nasal sides and 
upwards will remove a piece of capsule, diraimshiag the risks 
of dense after cataract in the pupillary area The tip of the 
curette is then gently insinuated just withm the edges of the 
wound, not quite into the anterior chamber Slight pressure 
18 exerted upon the peripheral hp, and the soft lens matter 
travels along the groove of the curette No atterapfc should 
be made to remove the whole of the lens matter, on account 
of danger of rupture of the auspensoiy ligament and escape 
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of Vitreous , the remnants will be absorbed There is no 
probability of the iris prolapsing or becoming incarcerated in 
the wound if It js properly dilated, but the repositor should be 
genti} lU'^erted so as to puab bacL any lens capsule nhicli 
may ba\ e prolipsed Sterilised atropine ointment is inserted 
and both eyes are bandaged 

Usually the ciliary imtation is greatly benefited by the 
operation The greatest care 
must be exercised ns to surgical 
cleanliness, for most of the 
accidents from infection m 
treating so ft cataract occur, not 
from needling, but from curette 
evacuation Anterior synechia 
of ins or capsule, iridocyclitis, 
or sympathetic ophthalmia may 
occur, but are happily rare 
Some surgeons extract soft 
cataracts by the Imeor method 
without previous discission 
This mode of treatment is not 
adiocated 

Extraction of Semle Cataract 
ma) be performed with or 
nitliout indectomj Tlie m 
dectomv is perfonned b\ some 
surgeons six ueebs or mon 
before extraction I adv isc this 
method only in certain ca«cs 
of immature or complicated 
cataract (vide p 315 ), and in 
Fia 261 — S nciair « anguUr c®se 3 where it is nccessar) to 
*ci.sofa operate in spite of some doubt 

ns to the sterihtj of the con 
juuctiva after thorough preliminary treatment Infection u 
likely to be more under control after iridectomy than after 
extraction and the behaviour of the 030 in the first ojieration 
IS a guide to its probable bcliaMour after extraction 
In every case of cataract, before operating the condition of 
the patient’s conjunctiva and lacrymal apparatus is thoroughly 
mvestigated If there is any reguigitation of tears, mucus, or 
pus on pressure over the laciymal sac, the condition must be 
cured (tide p Col) before operation If there is any conjunc 
tmtis it must be treated and cured, ns shown by the absence 
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of pathogenic organisms on bactenological examination Some 
of these cases are i cry troublesome (nde supra ) , m case of 
doubt, the patency of the nasal duct should be demonstrated 
by syringing 

The usual preparation of the patient — bath, purgative, and 
so on — j? made as for any major operation The hds are 
cleansed with ether soap on the prexious night Luminal (gr i) 
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taken one liour before operation is an adequate sedative in 
most cases and local aniesthcsia usuaUy sufiices 

%ere are two chief methods of performing cataract extrac 
tion extracapmlar and intracapsular Intracapsniar extrac 
tion should be employed only by highly slalled operators 
LxtnicnpsuJar extraction luthiridectoray (“ Oombin^ Bxtrao- 
Uon”) IS the simplest operatio^i, ami ‘ Simple i^artroctwwi ” 
(nith or without aperipbcml buttonhole iridectomy) should 
only he attempted after expencnce has been acquired by the 
combined metW 

There arc many varieties of technique ad\ocat«l by evpcri 
meed operators The simplest t^hnique for combined 
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extraction will be described first, and then a more ehborate 
technique for simple extraction Intracapsulir extraction will 
be onlj briefly dc«cnbcd 

The preparation ol the eye immediately liefore ojieration w 
the same in all cases The eyelashes are cut short, and gtt 
mercurochrome (1 per cent ) instilled after irrigation with 
normal saline solution The skin of the lids is dried and 
painted with iodine or metaphen (1 in 2,500) Four drops of 
pantocam (1 per cent ) are instilled at one minute intervals, 




Fic ^ CatAFftct section commencing Ibe counter 

pnBCtnre S Counter puncture mado C Commencing 
tbe section throogh tbe umbo» 

and then 2 drops of adrenaline (1 in 1,000) One ilrop of 
pantocam is also mstillcd into the other eyo to dimmish the 
risk of closure of the lids An injection of novocain may be 
made mto Tenon a capsule (tnife p 4GG) Sterile towels are 
draped round tbe bead, neck and chest, and the face is covered 
with a gauze mask in which an aperture js cut to give access 
to tbe eye The orbicularis oculi os temporarily paralysed by 
an injection of f cc novocain (2 per cent) (ndc p 46C) 
About 3 minims of no\ ocam arc injected mto the centre of the 
upper Ud 3 mm from the lid ma^in, and after uaitmg seien 
mmutes a ^o 1 white silk suture is passed tlirough the skin 
at this site and then clamped to the towel, the upper ltd bemg 
retracted upwards 
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The surgeon stands above the head of the patient, making 
the section vrith his right hand for the right eye, and with his 
left hand for the left eye Some surgeons stand below and at 
the side for the left eye, and cut ae.ay from themselves, using 
the right hand 

Catamci Extraciion tnth InAcctomy (“ ConiSineJ Exirac 
tioii”) Instruments required 5cc syringe, eccentric end 
V ith bayonet lock for l£ inch needle f for facial tier% c block) , 
lee syringe with 1 J inch needle (for Tenon's capsule injec- 
tion) , needle holder , No 1 whito silk on needle for skm , 
straight scissors , speculum (Lang’s (Fig 118) or modified 
Amiga’s (Fig 244) ) , Graefe cataract knife (Fig 2C1) , bent 
ins forceps , dc Weeker’s scissors , cystotomc (Fig 202) , 
curette (iig 202) or lens expressor (Fig 200) , two ins reposi 
tors , [Sinclair’s corneal scissors (Fig 263) , lens spoon (Fig 
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26-J) or vectH (Fig 205) , anterior chamber imgatorj The 
instruments in brackets are not required for uncomplicated 
extraction, but must always be ready 
The following desctiplion nppties to operation upon the 
right eye 

The speculum having been iDscitcd, the patient is told to 
look towards his feet and a little outwards, and the e^e is 
fixed with fixation forceps applied just outside the limbus 
diroctlj downwards or nrefctably doivn ond in, below the 
horizontal meridian of the cornea The point of the Graefe 
knife 13 inserted m the apparent comco sclera margin at a 
point 1 mm abo\e the horizontal meridian of the cornea, 
care being token that the cutting edge is upwards (Figs 2C7, 
268) It is passed across the anterior chamber to the corre 
spending spot on tbc opposite side The knife is made to 
cut out m exactly the same manner as in iridectomy for 
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glaucoma (g v ) but following the corneo ■scleral margin \ 
conjunctival flap should be made as m that operation lut jt 
will be narrower at the sides since the section is farther for 
wards It may be made slightly broader abo' e by cam ing 
the conjunctival incision a little upwaitls after the corneo 
sclera has been divided before turning the knife to cut directlj 
forwards The conjunctiva! flap is then turned down o\ cr the 
cornea by means of the back of the kmifc 
The Ration forceps are then removed If the patient 
IS unsteady they are handed over to an assistant who 
applies them below the cornea and mamtains fixation If the 
patient is submissive he is simply told to keep looking towards 
his feet all the time If Tenon s capsule has not been injected 
he is warned that he may feel a little pam during the next 
stage but tliat he must keep still 
The ins forceps are taken m the left hand and the de 
Weekere scissors in the right (irre<pccti\e of the eje which 
IS being operated upon) The closed points of the forceps ate 
inserted at the centre of the wound and passed straight 
downwards to just above the pupillary maigm of the ms Ihe 
Wades are opened slightly and the ms seized and drawn out of 
the wound The piece of ins grasped is cut off with one snip 
of thede Weeket s'ci^or^ the Wade^of wluch are held ndially 
to the ins te with the points directed upwards (Pig 24C) 
The ms repositor is now taken and the ins replaced as in the 
operation for mdectomy (gt) Particular care is taken to 
free it from the angles of the wound u«mllv an easy ta«k nt 
this stage owing to the support afforded by the lens and the 
smoothness of the surface of tbe capsule 
The patient still looking tonards his feet, the cystotome 
15 introduced with the cutting edge directed towards the left 
and slightly upwards It is passed on until the point n ponr 
the lowest part of the pupillary margin The cutting edge 
IS then directed backwards tbe handle is slightly ni«cd and 
tbe lens capsule is incised vertically as the instrument is 
slowly withdrawn 

The cystotome is then taken in the left hand and the 
curette m the right The back of tbe curette or tic lens 
erpTc’isoT )s pbrrd hoTixoDfaiiy upoa tbe Joner part of tic 
cornea Gentle but firm pre«‘Tire is made upon the cornea in 
a direction backwaitls and slightly upward’ This causes the 
nucleus of the lens to be tilted so that the upper edge appears 
presenting m the wound The lens nucleus is coaxed out of 
the woimd by rejwating the pressure with the curett e, but more 
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in refined sterile bquid paraflm and this is covered hr a pitl 
of cotton wool moistened with normal saline solution \ rad 
IS put over the other eye, and both are bandaged with a 
many tailed or a Sloorfields’ (Fig 270) bandage A Cartclla 
shield (Fig 271) is placed over the operated eye and secured 
by strapping 

Remarks upon the Operation The size of the section depends 
upon the probable size of the nucleus of the lens It must be 
remembered that the corter is soft and broken up , the width 
of the incision must be slightly larger than the diameter of the 
nucleus In black cataract the whole lens is sclerosed, so that 
a very large section most be made , in these ca«>es it '‘hould 
involve half the cireumference of the comen More harm is 
done by bruising tbe edge of the wound than by having a 
wound which is unnecessarily la^e If the nucleus docs not 
come forward through the wound with moderate pressure of 
the curette it is probably because the section is too small The 
wound should then be enlamcd with the probe pointed bent 
8Ci«$or8 (Fig 2G3) The probe point of one blade la iD«crted 
between the ins and cornea at one angle of the wound, 
which IS then extended by esmglesnip The same nianccuvte 
miK be repeated at the other angle 

In makmg tbe section the aqueous may escape prematurely, 
so that tbe ins fioats up m front of the knife If this happens 
tbe kmfe should be raised as if to lift the eye forward , the 
aqueous, dammed up in tbe posterior chamber, can then flow 
forwards through the pupil and the ins falls back If this 
manccurre fails the section must be completed m the usual 
manner, though the ins is wounded, either a hole or a complete 
coloboma being cut out of it Cutting the in** cause'* pain 
imle«!s Tenon s capsule has been injected and is Iikclj to irake 
tbe patient flinch screw up tbe eye, or completelr Icsc self 
control Moreover the coloboma is generally irregular The 
accident is usually due to hesitation in pu'*hicg (he Grade 
knife steadily forward or (o pressure— cfien unccr'ciCL* — 
exerted on the eye bj the fixation forcer« It is least likely 
to occur if the passage of the knife through the anterior 
chamber and tbe commencement of the section are all part 
oS a single xteafiy iurwari sweep Vihiie, the Vrani’ie ol 

the kmfe being deFre"cd directly the counter puncture is 
made In this manner the broad part of the blade is brought 
over the ins as quicklv as pcssible There should, however, 
be no haste, every movement being made with deliberation 
but not too slowly. 
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Old people sometimes lia\ e very ngid sclerotics In these 
cases the cornea collapses and becomes saucer shaped This 
IS of no consequence and requires no special treatment. 

Sometimes a bubble of air enters the anterior chamber 
This also IS of no consequence, as it soon becomes absorbed 
The iris is more easily cat off by holding the de 'Weeker’a 
scissors at right angles to tho direction of the forceps, »e, 
honzontaliy (Fig 243) This makes a larger coloboma, which 
1-5 unnecessary and has some disad\antnges 
Hiemonboge may occur into the anterior chamber The 
blood 13 derived from the conjunctival flap or from an hyper 
aimic ins An attempt may be made to wash it out by irriga- 
tion before it clots, or to remove the clot ml h forceps 
The capsule is divided in all sorts of different directions by 
different operatois Some suigeons remo^ e part of the anterior 
capsule by capsule forceps (tit/cp 485), which has verj decided 
advantages, but has also its own special dangers 
The most serious accident which may occur during extrac- 
tion 13 prolapse of vitreous at on early stage It may be due 
to inlietont weakness of the suspensory limment, which gives 
way while the section is being made or the iridectomy done 
This cause is most likely to be present m complicated cataracts 
In such cases it is a good plan to discard a speculum, an 
assistant holding the lids apart and raised off the eye by means 
of a pair of Desmarres' or similar lid retractors More com- 
monly loss of Vitreous is due to undue pressure ou the eye by 
the fixation forceps In concentrating all their attention 
on the section beginners often allow the left band to dig the 
fixation forceps into the globe Special attention must there 
fore be devoted to the avoidance of this mistake, which has 
also the lesser disadvantage of forcing out the aqueous and 
allowing the ins to float up in front of the knife Escape of 
vitreous may also be due to pressure with the curette in the 
attempt to expel the lens The necessity of such great pressure 
IS proWbly owing to the wound being too small or to the 
capsulotomy having been inefficiently performed The former 
contingency has almdy been dealt with The latter is over 
come by more careful repetition of the capsulotomy If 
pressure with the curette causes the vitreous to appear without 
any sign of the engagement of the edge of the lens in the 
wound resort must be made at once to scoop extraction 
Hence the importance of having the apoon or vectis always m 
readiness in every case of extraction The spoon is passed 
directly backivaxds into the vitreous so as to make certain 
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tint it passes behind the lens It is then rotated fonvanls 
BO that the lens is caught between the spoon and the back 
of the cornea The lens is kept pressed up against the cornea 
nnd is renio\ed bj a rapid further rotation of the spoon 
Some \itreous is certain to be lost hut it is imjeratnc that 
the lens should be deliteretl ortbc cccvsill almost metitabh 
be lost The eye is dre«sed at once in these ca«cs without 
any endea\our being made to replace the ins as any such 
mancDuvre is likely to lead to further loss of Mtreous In 
spontaneous rupture of the suspensory ligament and in 
other cases badly managwl the lens may sink back into the 
vitreous In such cases it is usually futile to attempt to 
remote it The eye should be dresscfl at once and if the lens 
floats up into the pupillary area at a later date a further 
attempt may be raadi, to remoxc it 
Prolapse of the vitreous after delivery of the lens is less 
senous though it increases the tendency to cyclitis with 
opacities in the media and may be followed bj dctacbment 
ot the Tctina If much vitreous is lost the ins is alwap 
gradually drawn upwards to that m course of weeks or montlis 
the pupil 13 much displaced and the lower part of the ms 
stretched (Pig 248) This condition may also occur from 
incarcerat on of the pillars of the coloboma m tl c wound 
It mai be necessary to do an iridotomy or some such operation 
to make an artificial pupil so that vision mav be restored 
hen the cataract is inunature some of the soft lens cortci; 
remains in the e) e so that the pupil is not black but contains 
grevwU masses 'Much o! the retained lens substance can he 
removed by stroking the cornea upwards with the curette or 
lens expressor repeating the mo'cmcnts used for delivering 
the lens but with le«s pressure It is usuallj impo«!<»ib]L to 
remove it entirely in this manner If it is left in the eve it 
gradually becomes absorbed but it has the disadvantages of 
tending to irritate the eje and cause slight iridocyclitis and 
of leading to the fonnation of a denser nfter-catnnct Some 
surgeons imgate the anterior chamber with normal palinc 
solution This method gets nd of the lens substance hut in 
my experience is very liable to set up a mild indoc^cliti®, in 
spite of the strictest outvseptw pieeautvous Imgatiov. may 
be performed with an undine to the nozzle of vihich an india 
rubber tube is attached having n flattened camila at the other 
end The tip of the caoula should be introduced just inside 
the lips of the wound and the undine Bhotild not be held too 
high only a gentle stream of fluid being ti'cd 
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A fler treatment There la ttsaally some aching and smarting 
m the eye as soon as the eSccta of the pantocam Tvear ofi It 
lasts for four or five hours hence it is best to operate in the 
rooming so that the patient may have a good lught’s rest If 
the pam interferes with sleep a dose of aspum will usually 
relieve it, or a mild bromide draught may be given 
The patient lies quietly upon his bach, with the head and 
fihouidors rai'icd lie is iUrected to avoid all straujiDg A 
sneeze may be inhibited by prc'^surc with the finger on the 
upper lip close to the septum of the no^e All patients 
should have their hands loosely tied to the bed at night so 
that they arc unable to touch the eyes Many eyes are lost 
from neglect of this precaution for patients often knock or 
rub their eyes when they are half asleep 
The food must be fluid during the first few days , no 
aperient is given, for three or four days 
Oo the Aay lohomog the operatioa the haatlege ts removed, 
the lids are bathed with warm bone lotion, gently separated, 
and a drop of atcnle 1 per cent atropine solution instilled 
The wound may he inspected, but should not be disturbed 
more than is absolutely necessary 
On the second day it is examined more thoroughly The 
cornea should be bright, and the pupil round and well dilated 
Famt greyness m the cornea above (stnate opacity, ride 
P 24S) need cause no alarm Another drop of atropme is 
instilled If the pupil is not well dilated on the third day 
there is probably some trace of intis, and the atropme should 
be mstilled more frequently, and it may be advisable to resort 
to hot bathings In most cases there is no mtis, and after a 
transient ciliary injection the eye quiets dovm so that it is 
almost free from injection in a week or ten dajf s 
On the fourth or fifth day the unoperated eye may be left 
unbandaged If both eyes are kept bandaged too long old 
people often become delmoua Oo the lightest sign of 
wandering m speech the unoperated eye should be uncovered 
at once If this eye is bhnd or has very defective vision 
the dressing should be taken off the operated eye, and /lark 
protective goggles worn dunng the daytime 
It is wise to keep healthy patients in bed for a week Most 
cataract patients, however, ate old, and extremely bablc 
to hypostatic congestion of the lunp Such patients should 
be propped up in bed on the thud or fourth day, and allowed 
to sit up out of bed soon after A light dressing is kept on for 
ten days or a fortnight , afterwards smoked glasses are worn 
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until cataract glasses can be ordered, i e , m about six wccbs 
It 13 ^erv iniTOrtant that smobed glaives should be vrom 
continually, otnennse the patient u quite litcly to develop 
erythrop«ia ^v) 

Cataract Extraction tnthout Indecto/ny ("Simple Exirac 
Iton ”) Tor this method a somewhat more elaborate technique 
will be de«cribc(l In addi 
tion to the in^tniments re 
“ \ \ quircd for the pre\ious 

\ \ operation a 2so 1 blach silk 

Fio s'S — Eyelwi nwilf siiture On a needle is needed 

for the superior rectus and 
a corneo scleril eyeless needle (Fig 272) armed with 000 
black silk A mcdified ^Vmiga’s speculum the weight of 
which IS taken bj the bridgeofthenose and the imlarrcgion 
should be u«ed Al«o eonjunctnnl block (Tig 119) and 
smooth conjunctival forceps capsule forceps, lens cxprr9«or 
and blunt ms hook 

ikftcp preliminary preparation cud the in'ertion of the 
apccultim the tendon oi the superior rectus is scired by 
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conjunctml forceps and an injection of 05 ce of noiocain 
(4 pec cent ) is made into the belly of the muscle and Ixhind 
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to the level of the equator of the eye The needle is then 
turned to the temporal side, keeping clo^e to the sclera, and 
0 5 c c 13 in]ected into Tenon’s capsule This produces 
paresis of the superior rectus, so that the patient cannot look 
up, and also anjesthctises the ciliary nerves passmg to the 
ins and ciliary body 

Ihe tendon of the interna! rectus is seized by fixation 
forceps and a corneo sclemi suture passed tmough the 
superficial layers of the cornea trans\ersely for 2S mm at 
a point about I 5 mm on the corneal side of the lunbus , it 
IS then passed through conjunctiva and episclera 2 5 mm 
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above and exactly opposite and parallel to the direction of the 
comeal suture (Fig 273) The corneo scleral section is made 
between the comeal and acleral insertions 
Fixation forceps are applied firmly to the conjunctival and 
episcleral tissues 1 mm behind the limbus m the lower nasal 
quadrant The forceps should then be held up so as to keep 
the eye drawn slightly forwards and avoid pressure on it 
The corneo sc7era\ section is made as already described (tide 
p 4'-9), and la completed subomjunctivaUy, a narrow con 
junctival flap being made, taking care not to cut the con 
jimctnal part of the suture If blood enters the anterior 
chamber it may be soaked up by a small gauze swab applied 
to the wound , or if this foils it may be removed by irrigation 
with normal salmc The comeal part of the suture is then 
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held, preferably in smooth forceps, and the lips of tlie wound 
gently opened to admit the closed capsule forceps, wliicli are 
passed towards 6 o’clock to a point just below the centre 
of the anterior pole of the lens, Tlte blades are then opened 
about 3 ram , the teeth pressed gently into the lens cniisule, 
and the blades closed A downward moveine'nt for about 
2 mm IS followed by similar movements laterally, and the 
forceps are then remo\ od, carrying » ith them a piece of capsule 
aliout 5 ram in diameter. 

The lens expressor is then applied to the lowest part of the 
cornea, and the nucleus c-\*prcsscd in the manner already 
desenbed (vide p 490) If the iris impedes the delivery of the 
nucleus it may be retracted upwatiU by a blunt iris hook. 

^Vhcn the lens has been extracted an iris repositor is inserted 
and the ins stroked back into position. The pupil should be 
quite round if not, or if the iris tends to prolapse, the 
periphery is gently drawn out of the wound by iris forceps and 
the smallest possible fold is snipped off with de Weeker’s 
scissors The ins is then again replaced with the repositor. 

If such soft lens matter remains in the eye, as in immature 
cataract it may be removed by massage or irrigation (fide 
p 194), and the ins again teplacw. 

The corneo scleral suture is tied firmly enough to coapt 
the eilges of the wound, but not tightly. The con)uncti%al 
flap IS stroked into position, and the eyes’ bandaged. 

Comparing tbe two operations, it may be succinctly slated 
that the chief advantages of simple extraction are : Simplicity 
of the operation, including especially minimum of mutilation, 
of instruments reqmrcd, and of instruments introduced into 
the intenor of the eye , optical advantages of a round pupil 
— minimal dazzling, best ^nsual acuity, and best field ; cos- 
metic advantage of a round pupil ; ease of reposition of tbe 
ins ; minimal danger ofincaiceration of capsule in the wound , 
infrequency of prolapse of vitreous ; greater protection of 
deeper parts of the eye from infection ; absence of pam ami 
bleeding from cutting the iris Of these it may be remarketl 
that the optical advantages are not overwhelmingly manifest. 
The cosmetic effect is rarely of sufficient importance to out- 
wcig'n t'ne risks, t'nou^ owsisionaYiy it is a jnstiha'o'ie argu- 
ment, as in tbe CtOsc of an unsightly unilateral cataract in a 
young woman, or m a man in whom it forms a bar to obtaining 
employment. It is doubtful whether prolapse of vitreous w 
more frequent in combined than in simple extraction. Bleeding 
from the ins is only very exceptionally of any Importance, 
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wlien there js much bleeding m cntntact ettr'iction the blood 
i3 denied from the conjunctival flaj» or from a too pcnphenl 
ecction The chief disadvantages of simple extraction are 
nsbi of prolapse of the ir« less efficient treatment of the 
anterior capsule greater difficulty m removal of soft lens 
matter, preater danger of nog synechia and secondary 
glaucoma it intis sbouhl occur 

The chief advantages of cotninned exlradton are greater 
case m C'xpression of the nucleus greater ease m removal of 
soft lens matter mercased facility m dealing unth the anterior 
capsule, and therefore diminish^ necessity for subseipient 
discission , diminished risk of prolajec of the ins diminished 
risk of accondarj glaucoma The chief disadvantages are 
greater complexity of the operation, including especially need 
of more instruments and ot the introduction of more mstm 
incnts into the eye, and greater durationof the operation, 
optical and cosmetic disKlvanlages greater danger of mcar 
ceration of ins and capsule m the wound , greater danger 
of post-opentive glaucoma , pain and Weeding from the 
tns 

If there la any difficulty m replacing the iris after a simple 
ettnction orif tlie pupil when the iris is reposed is not quite 
eirculif, an iridectomy should he done at once Prolapse is 
liable to occur withm the first twenty four hours after the 
operation If it la not treated by an immediate iridectomy a 
very serious condition will result The incarcerated ins will 
fail to withstand the intraocular pressure and a cystoid 
cicatrix ” w ill be formed Visml acuity will be tliraujisheti by 
exccfisue astigmatism and the eye exposed to grave danger 
from iridocyclitis, and ereu panophthalmitis or sympothotic 
ophthalmia 

Slany of the disadvantagea of both operations including 
the danger of prolapse of ins, are obviated by a modification 
m which after simple extraction haa been performed a small 
button hole is made m the periphery of the ms [peripheral 
inileclomy) [lule snpro) The aperturem the ins is peripheral, 
so that It IS almost entirely hiddLO by the scieiotic, and m 
any case as completely covered by the upper lid while at the 
same time siifficunt drainage from the posterior into the 
anterior chamber is provided for Prolapse of ins is less likely 
to occur tiian m simple extraction, and it is quite unlikely 
that the capsule wilt bo left entangled m the wound, a decided 
draw back to extraction with the ordinary form of iridectomy 

/titmcnpsufar Friraction In this opention a la^cr s<’ction 
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13 necessary than for cztracapsntar extraction : it diouW pa«s 
across the full horizontal dnnicter of the cornea \ft the 
section is made a small button hole peripheral iridectomy w 
performed Arruga’s smooth capsule forceps arc introduced 
closed to the temporal side of the iridectomy On reaching the 
pupil ma^in the blades of the forceps are ino\ed oxer the 
anterior capule m the sagittal plane and are stopped o\et 
the thickest part of the capsule just in front of the equator 
near the lower edge of the lens The bhdes are then opened 
3 mm , pressed gently backwards to engage the capsule, and 
closed Gentle rotating, zigzag moacments an. made so os to 
rupture the suspensory ligament These moacmeuts increase 
in excursion, and not until the Io\\et edge of the lens is felt 
to be free and to move forwards is any attempt made to lift 
the lens and tumble it forwards The remainder of the 
manaJUvTe consists m holding the capsule without pulling on 
it, and using the lens expressor in the usual way, keeping it 
just below the lowest pan of the Ions during dchvcij ^Ybcn 
the lens is m the wound it is important to complete the ilnnl 
Bta»o slowly and deliberately, allowing the \ itreous togru itate 
and the ms to slide back m place \STicn the lens has been 
removed the corDco*sclcrat suture is tied, sterile drops of 
eserioc (I per cent) are instilled, the iris replaced, and the 
conjunctival Eap adjusted 

The chief complications ansiog after cataract extraction 
are striate “ keratitis ” (Pig 150), mcarccrotion of the ins in 
the angles of the wound, prolapse of the iris, iritis, indccj clit is, 
sympathetic ophthalmia secondary glauccma, intraocular 
btemonhage, infection of the wound, panophthalnutia, &c 

Prolapse of Ins is most ept to occur after simple extraction, 
but may affect either pillar of tbe coloboms in comb ned extrac 
tion It usually occurs m the first day or two but may result 
later from injury to tbe eye by rubbing or knocking it, fctraiiiiog, 
coughing, &c It mnat be treated ai once by excision of tbe 
prolapse As the ins is iratable the operation is painful, and 
general anaistheaia or retrobulbar local anicsthcsia is generally 
necessary or advisable The wound is re-opened by msmuattng 
the tip of an iris repositor under the conjunctival 11 tp and gently 
uncoi enng the prolapse The flap is turned down o\ er Iho cornea, 
the ms pulled out with ins forceps and snipped off with de 
Weeker’s scissors The ms is then replaced with a clean repositor 
and the conjunctival Sap brought back into portion A small 
subconjunctival knuckle of ms can sometimes be replaced by on 
ms repositor, but it is generally wiser to snip it off 
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Delayed Re fomahon ej ike Antenor Chamber may be due to a 
jagged sectJon, orer rid)ng of the lower lip of the wound, or to no 
apparent cause It is much leas common m cataract extraction 
than after glaucoma iridectomy or trephining In these cases the 
bandage should be very lightly applied or discarded, dark protec 
tive goggles being worn m the daytime, and a light bandage with 
wire or cartclla shield at night 

DAayed Heahng of the Wound is more likely to occur with a 
purely corneal section, such as some surgeons prefer The patient 
should be kept in bed until it is firmly healed, unless this is 
specifically contramdieated {vide p 495) Delay m healing is, 
however, generally due to incarceration of ms or capsule in the 
wound If this amounts to an actual prolapse it must be operated 
upon ^vide supra), but it may he very insidious In cither case 
the result m&y be the formation of a eytloid cica^rtr, part or the 
whole of the scar slowly and gradually becoming more and more 
ectatic The eye should be carefully examined to see if the pupil 
or either pillar of the coloboma is drawn up or if capsule can be 
seen in the uound A fully developed cvstoid scar should be left 
alone, though it causes much astigroatiam and is liable to give 
rise to secondary infection, or mdocycbtis and even sympathetic 
ophthalmia 

Etpulme Bcetiiorrhage is fortunately rare It occurs during 
or soon after operation in old people with ortenosclerosis or 
some diathesis such as diabetes There is sudden severe pain, 
and on removal of the dressings the wound is found to be gaping 
and filled with blood clot vitreous, Ac The eye is always lost 
and should be excised This may be necessarr in order to stop 
the bleeding, the socket being then packed and firmly bandaged 

iSeptic /n/ectio7i may occur in spite of all precautions especially 
m diabetic patients It is most commonly due to the pneumo 
coccus, but may be caused by the streptococcus, staphTiococcus 
aureus or even albus and many other organisms It usually 
occurs from the twelfth to thirty sixth hour after operation 
There is severe aching pam due to the Accompanying acute intis 
On renioviug the drcsaings the upper lid js cedematous When 
the tide are separated tears gush out and there is muco pus lo the 
conjunctival sac The lids should be separated gently, if ncces 
eary witfi retractors The cornea is tfien seen to fie a’un’ and fiazy, 
especially in the upper part, the lip of the wound being yellow 
Almost invariably the infection spreads rapidly Intense intis 
IS set up, the pupil and coloboma become filled with exudate and 
an hvpopyoa appears Finally, the vitreous becomes infected 
and panophthalmitis leads to toe destruction of the eve 

Treatment is seldom of any avail but must be applied qutcklv 
and energetically The aotenor chamber should be irrigated 
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with hydrogen peroxide holution The lips ol (ht omid '‘hoiild 
be cauteris^i with the palvano-cautery Sabconjanctiial inj»c 
tious of perchlonde (1 in 2,000) or orvcranide (I m 5,OOOJ of 
mercary mav be given, bnt add much to the pain nncl arc s,>ldom 
of use Salphouamide treatment (i«/e p fidg) should l^e tnc<l 
A staphylococcic or polwalcnt vaccine »hDuId l)c piion and an 
autogenous vaccine prepared and administered as soon as 
po« ible 

Inlis in mild degree probably occurs in all cases of cataract 
extraction In more pronounced form it as speciallv associated 
with retained leua matter {riiie p -194) and diathetic states, «Hch 
as diabetes, rheumatism, gout, Ac The worst cases occur with 
acute septic infection Intertnediate in seventy are cases of 
plastic iiitia dne to infection bj less virulent organisms or in 
patients with greater resistance to bacteria! invasion More 
insidious than any are cases of continued imtabihty of tlic eje 
with mild mtis In these, snots of “ L p ” arc found upon the 
back of the cornea, «o that there is aI-o c) clitis Both in these 
cases and lu the cases of plastic intis there is grave danger that 
the condition is really sympathetic ophthalmia Hence it is very 
essential m ail ca«es of cataract extraction to inspect the cornea 
most carefully with oblique lUummstion and the loupe and to do 
so frequently, especiallv if there ts an unusual degree of flushing 
and kcrrmation on exposure to light The other eye must also 
he carefully watched If there is “ k p *’ no needling operation 
must be undertaken until the eye bas quieted down and remained 
quiet for manr weeks It is sometimes ^Sicult to cbstinguisb 
minute spots of lens suhstaoce on the bock of the cornea from 
true ‘ k p " , they soon become absorbed 

Detachmenl of the Choroid Vide p 350 

Secondari; Glaucoma may set in after cataract extraction It 
IS probably usually due to peripheral antenor synechia nnd 
incarceration of capsule in tbe wound (t ide p 231) Sometimes 
it IS due to the anterior chamber lieing lined with epithelium. 
In these cases there has been delay in healing and the conjunctival 
epithehum has grown 
over the surface of 
cases are practically 1 . 
with certainty Sometimes secondary glaucoma follows needling 
of the after-cataract It is uatuUy then attributed to vitreous 
extending into the antenor chamber and interfering with filtra 
tion It IS doubtiul if this IS the true explanation These cases 
osuallj do badlv .Vs regards treatment, where there are definite 
adhesions of capsule an attempt mav be made to dmde 


down into the anterior chamber and spread 
the ms, lens capsule and cornea These 
iope}e»s and cannot be diagnosed chnically 
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Th^’c OSes alljrd the l>e?t propno«)< Jn the more 
oh«cure cl•‘e^ the ejo fthoult! I>e tiepliinciJ 

LxCISION of THF EtFSAIL 

A gem ral anaesthetic or deep local anesthesia w rcqmrtd 
Tlio operation can lie ptrformetl 
almost jiainlessly under notocain 
{ndc p 1C5), and thw method w 
aornelimcs adsisahic in old people 
trith diicav^ artenes, or in 
patients with heart disease 

Instruments rw^mred apccu 
lum(preferabl 5 * Langs) two pairs 
of fixation forceps, tenotomy sew 
sora (Fig 27'i), stnhwmus hooh 
(Fig 270), blunt pointed Rctvton 
— straight or curved on the flat 
(ItIT 277) 

The surgeon stands nWvc the 
patient 

Tilt conjunctival sac having 
been douched and the speculum 
tnserted, the surgeon seizes the 
conjunctiva just outside the Iim 
bus at the highest port of the 
comta The conjiinctna is m* 
ewfd here with the tcnotom> 

8ci"jors TIio point of one blade 
of the scissors IS passed under the 
conjunctiva and pushed on ns far 
ns possible round the cornea 
uirrvnng the jwint out under the 
looker bulbar conjunctiva it ma> i 
lie taken a third of the distance ij 
round the circumference, tliel' 
e<lge IS then brought close up to ' 

AwrAwf ivn^iYs? /.h? *svii\vnvrf«af 
IS divided Still fixing the eve m ,r , _ , 

the same position the onuceavre " i y wow, 

w repeated on the other side of the cornea Finalh, th** 

E ortion below the cornea w <liv*ided The conjunctiva should 
c dtvidwi cocnplettlj* round the cornea and dose to it, in 
three or four cuts 
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The peripheral edge of the cot conjunctn-a is then tahea ap 
bv the forceps, and the bitlbir conjunctiva is separated from 
the globe as far back as the equator in all 
directions b| a senes of small snips, the 
blades of the scissors being kept fiat in 
close contact with the e}eball In this 
manner the capsule of Tenon is siniul 
taneoosly opened 

The tenotomy hook is then taken m the 
left hand, the scissors being retained m the 
right The recti muscles are taken np one 
hy one and divided close to the globe It 
IS well to begin with the superior rectus, 
smee it la the most diiEcuIt to get at, 
especially if the other recti have been ptc 
viously dinded The obliques arc found b} 
passing the hook farther back and carrying 
It round close to the globe 
The speculum is then taken and held 
widely open and pressed back into the 
orbit If the muscles have been properly 
divided the globe springs forwards between 
Fm 2'5— ^(rkbts* the blades of the speculnou The other pair 
DOS h<y>i( flat of sctssors IS oow taken in the right hand< 
lloorfitids fi4V- globe is seined with the fingers of the 
left hand. The points of the closed scissors 
are passed into the orbit — to the outer side of the eye on the 
right side, to the umcr on the left The optic nerve is felt for 
with the cIo«ed scissors it is easily recognised The scissors 
are withdrawn a short distance, opened, and the blades poshed 
down, one on each side of the nerve, which is then divided 
The sensation of dividing the nerve is unmistakable The 
eyeball can then be freelj drawn forwards There arc pro 
bably some remnants of the obliques still attached to the globe 
These ore divided clo«e to the eye If the bleeding is profuse 
the inside of the muscle cone is packed witli ribbon gauze 
wrung out in hot saline pressure is kept up for two or three 
minutes The edges of the conjunctiva are then pulled 
together with the toatwn iorceps or better dnwn togaher b) 
a continuous silk suture, the lids closed, and the dnssiog 
applied The latter should consist of a small spherical pad 
of gauze, then a round fiat pad of sterilised or cyanide gauze, 
then a thick round pad of sterilred wcol Ike bandage is 
applied with a firm prc«'iite The patient is kept in bed for 
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one or two days The siittitc is removed after forty eigtt 
hours 

If the globe is perforated and collap«cd evcision is more 
difficult The rupture should be closed by sutures before 
proceeding to excise the eye 
in children aho etcisjon is diffi 
cult The orbit is small in pro 
portion to the sue of the globe 
Here the manceuvre vnth the 
speculum to dislocate the ball 
forwards is often unsuccessful, 
and strong pressure may burst 
the eye It la best levered out 
with the points of the excision 
scissors 

It IS very easy to cut the sclera 
instead of the nerve, especially 
with curved excision scissors X 
ah ays prefer straight scissors, 
mdera, straight instruments 
should always be used in pro* 
fercaco to curved whenever it 
IS possible, because it is much 
easier to }udge the position of 
the point Straight scissors ate 
particular!) indicated when the 
nerve has to be cut long, as in 
excision for gboma retin® and 
fiarcoma of the choroid Special 
precautions must bo taken m 
excision for panophthalmitis (tide 
p 459) 

^nsccrafion of (he e^ebaU is 
recommended only in some cases 
of panophthalmitis (j v ) Some 
surgeons uso it in antenor sta 
phjJoma and other conditions rjo 277 —Excision #ojwr# 
Aftliough the stump alforcfe a 

good foundation for an artificial eye, the operation is not to 
be recommended in these cases, it has been followed by 
svmpathctic ophthalmia 

Eioision, tnlh ihc tniroduction of a glass ghhe in Te7ion's 
capsule IS a good method in caiefolly selected cases and a0ords 
admirable support to an artificial eye The eye is much more 
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movaWe tlian after simile excision, so ttat the simulation o! 
a real eye u more exact Care must be taben during (be 
excision to Veep close to the eyeball and to injure Tenon's 
capsule as little as possible The recti muscles arc drairn 
together over the small glass globe hy a buned purse string 
suture of catgut (000 000, ton day) Tlie conjuncti\a is 
sutured by a superficial pur<c string ‘uifure There is some 
mflamniatory reaction, mth chcmosis, but little or no pain 
If the operation has not been well performed, the globe maj 
slip into the orbit, becoming loose, usually beneath the lower 
hd If this occurs it must be removed and the case treated ns 
an ordinary excision 

An artificial eye should not be worn less than six weeks 
after excision A small eye is first worn for an hour or two a 
day until the conjunctiva becomes used to the foreign body- 
Eight or nine weeks after the operation a fiill-sizcd eye may be 
worn It 13 taken out at night, carefully washed, and kept m 
water If it becomes in the slightest degree rough at the 
edges It must be discarded at once This usually occurs from 
chemical action of the secretion upon the enamel in about a 
year, so that in any case anew eie should be obtained every 
year Various types of artificial eye are made Snelicna 
‘ reform ” eye p^es a better cosmetic cfiect after the ordinary 
excision than the old shell, which may he used when there is 
good support, as after insertion of a globe m Tenon's capsule 
The methods of insertion and removal of the artificial eye 
should be leamt by every surgeon by seeing it done 

Contracted Socket is the result of injury, faulty excision, 
cellulitis in the orbital tissues, or the contmued weanng of a 
rough artificial eye The first three causes lead to the forma* 
tion of dense cicatricial bands across the socket, rendering the 
weanng of a prothesis impossible. The last cause usuall) 
results in obliteration of the lower fomix, so that the eye 
cannot be kept m place 

Contracted sockets are \ cry diOicult to remedj It is easy to 
divide the bands and make a new groove to hold the eye in 

f osition, but unless the wounds become cov ered with cnitlie 
um the edges heal together and no improvement is produced 
A thorough dissection of all fibrous bands should bo made,, 
and the raw surface covered by a Stent mould Tlie Stent is 
cooled in eilu by drops of cold ealine and removed A cKmp 
is applied to the lower Iip, which is then cvcrtid to expose its 
inner aspect The Stent mould is placwl over this, and a graft 
of mucous tissue nearly twice the site is cut The submueous 
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tissue IS dissected o2 and tUe graft sutured in position The 
Stent 18 secured in place over this by mattress sutures , the 
eyelids are closed and coierod with a dressing of tulle gns 
gauze wrung out m sahne on 1 a j ad and bandage 

The greatest difficulty is to restore the lower forms Max 
well s operation is the best for this purpose if the lou er lid 
18 uninjured It is simple bat difficult to describe An 
elliptical area of skin is marked out on the lower lid The 
upper incision is carried through into the socket m the 
position of the new fomix- The flap is about 8 mm broad 
m the centre It is dissected up at the edges all round but 
a central clhptical pedicle is carefully retained The flap i» 
tucked through mto the orbit the upper edge is sutured to 
the posterior lip of the conjunctival wound nnd the lower 
edge to the antenor lip The gap m the skin is then closed 
with sutures and a glass shell w inserted m the socket The 
pedicle ensures the vitality of the flap and also keeps the new 
fornix depressed to the level of the orbital margin If much 
ectropion results the scat can be re opened at a later date and 
a Wolfe graft of sufficient size inserted and sutured m 
position with eyeless needles and fine silk or gopsanier horse 
hair A moulded Stent is placed over the graft and retained 
by mattress sutures and a strip of gauze secured to the adjacent 
skin by mastisol 

When there is a good upper fornix a simpler procedure may 
be tried The conjunctiva is extensively undermined through 
a temporal vertical incision sufiicieiit to admit a pair of blunt 
ended scissors "Wheu the conjunctiva coieiing the floor of 
the sod et 13 free two or three mattress sutures are passed 
through it XU the part designed to form the lower fornix 
(Fig 34’*) and carried down through the periosteum of the 
intraorbital margin the orbicularis and si lu They are then 
tied over pieces of rubber tubing 

In bad cases of contracted socket it is necessary to dissect 
away all the remaining conjunctiva and fibrous tissue As 
large a Stent mould as the socket will retain is then fashioned 
and its centre is perforated by a hole 2 mm m diameter for 
the escape of discharge An ample Thiersch graft is cut by 
Humbys knife aul ivrapped round the Stent with its raw 
surface outwards This is jnserttd into the socket and the 
lids are united by a central taismochaphy 
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ERRORS OF REFRACTION AND ANOMALIES 
OF ACCOMMODATION 

CHAPTER XXIIl 
Retinoscopy 

(Before reading this section the student should rense his 
knowledge of the optical conditions of the eye and the methods 
of testing nsual acuity by again reading Chapters III , IV^ 
Vll . and IX ) 

It has been already poirtted out that the condition of the 
refraction of an eye can be estimated m >'anou3 wa}*^ The 
systematic examination of the Nusual acuity will m most 
cas^s induxle the absence or the nature of any error of rcirne 
tion The exammation with the mirtoi at a distance of 1 
metre also indicates the refraclire condition by the visibility 
of retinal vessels and the direction of parallactic displacement , 
as wiU be shown below, this method may be mode to give very 
accurate estimation of the exact refraction The indirect 
method also indicates the refractne condition by the apparent 
change m size of the disc when the large lens is mo\(^ nway 
from the eye By the direct method tbe condition of the 
refraction can be accurately measured if the surgeon has 
acquired the ability completely to relax hu accommodation 

Retinoscopy or, more correctly, shascopif or Ike shadene 
test, IS the most accurate means at our disposal of cstimatiDg 
the condition of the refraction objcctisely It depends upon 
the fact fir»t pointed out be Bowman, that when light is 
reflected from a nurror into the eye the direction m which the 
light traiels across the pupil varies with the condition of 
refraction of the eye If the light is thrown into a myopic 
eye from a concaie mirror at a distance of I metre the luhi 
or, ^hat is easier to observe, the 'hadotv, moves across the 
pupil when the mirror is slowly tilted in the same direction 
.,0 
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as that m which the mirror is moved (Tig 278) If a plane 
mirror is used, the other eonlitions remaimng the same, the 
shadow will be seen to move m the opposite direction to the 
movement of the minor If the eye is hypermetropic the 
direction m which the shadow moves is the opposite of that 
with the myopic eye If the eye is emmetropic or has only 
a very low degree of mjmpia no shadow will be vi‘«ible , 
the piipil will be either coxoidetely liluminated or completely 
dark 

The light seen m the pcpd is the blurred image of the 
illuminated area of the fundus as seen by the observer when 


0 0 . 



Fio STS^DagrAio of retmowopy with ft eos»r» isimr 0( the 
obsemd Ofo O, tlie obsemrv e/e The mage of the eource of 
1 sht is foTtned &t (| (the icamedi%t« eoorce of light) b; the minor 
if Ot u hypermetro^e a virtu»I image of I, is formed on the line i, n, 
passing through the n dal paiat n as ftt I/O, is uiropio & real 
iQTertM image is foimed as ftt m. If the m m>r is tilted downwards 
as shown the dotted line f, mores to A, to A, and m| to mi 
l^s shows that the shadow movea m opposite directions in hyper 
metropift and myopia 


he accommodates for the obsjcrved pupil The shadow la 
merely the image of the edge of the illuminated area 
Imagine a pomt of light m front of an eye the pupil being 
dilated and the accommodation paralysed by atropine (Fig 
27y) The divergent rays which enter the eye are made con 
vergent by the refractive media so that a circular area of the 
fundus, varymg m size according to the refraction of the eye, 
13 illuminated If the point of light moves upwards, the light 
on the retina wiU move downwards 
Now consider the rays of light which are reflected from the 
illiiminated area In the hypermetropic eye they will be 
divergent, as if they came from a point behind the eye Tins 
far pomt, corresponding with the dluminated area, will move 
m the same direction, i e , downwards Now imagine an 
observer, placed in front of the eye, to look towards a pomt of 
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light 'itunted it the position of the far point, but to accom 
modflte for the position of the observed pupil He will «ee a 
circle of light with a blurrwl margin, not a point, because he is 
not accommodating accuratelj’ for the far point ^Vhen the 
illumination on the retina moves down, the circle of bght which 
the obsen er sees will appear to moae down al'O (Fig 2T9) 



1 10 .ita — Stw’TinR the course ol mrtdent r*p »nd fiejd o! iHomiiutioii 
ot lh« fandna m hywraetrojtti I, toms * Tirttwl itatge ct X), 
t, at The fi^'M oi illamoation u deteraioed Lr the pupil of Oi 


\gain. consider the raps of light rejected from the illumi- 
nate area on the fundus of a bighlv myopic e>e Thej will 
teconaergentand will cross at a real point in front of the eye 
This far point, corresponding with the illuminated area, will 
mote upirards when the iltummated area moies downwards 
Vn observer placed in front of the eye and farther from it than 
the far point if he looks toarards the far |yiint but accommo 
dates for the observed pupil will see a circle of light with a 
blurretl margin ^^'hen the illumination on the retina moac** 
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»luwn, the circle of light winch the obsera er sees mil move up, 
t e , m the opposite direction to the movement in the case of 
the hypermetropic eye (Fig 2S0) 

>ow suppose that the observer's e}e is one metre m front 
of the oh«eivec\ eye, and that the latter has 1 D of myopia 
In this case the far point of the observed eye anil be at the 
situation of the observer’s eye, «aa at the level of hw pupil 
(Fig 28i) In this case a aery slight movement of the light 



on tho observed fundus \nll thTOTP the image at the far point 
ofl the observer’s eye altogether In other ■words, the observed 
pupil will appear to be completely bright or completely dark 
If, again, the observed eye is emmetropic, its far point mil 
be at infinity We may regard it as being infinitely far behind 
the observed eye Here, again, there will be scarcely any 
shadow, though m reality there is a very faint shadow moving 
m the same direction as for the hypermetropic eye 
The above is a simple explanation of the theory of retmo 
scopy The question of the type of mirror is an entirely 
subsidiary one It merely has to do with the direction of 
movement of the immediate source of light, t e , the point of 
bght in front of the eye which has been considered above The 
image of a real light behind the patient’s head formed by a 
concave mirror is situated m front of the mirror If the 



Fra 281 — Sho>vu}g Oio cour>« of tho omo^ont nyi at the fomt of 
tevena] So loni; as X| lo the puptIUty area of Oj tho papil of Oj 
appears uniformly tllumuiated. and there is no shadow Directly 
pusses to A| the whole of the light is cut off so that the pupil of 0} 
becomes completely dark 

mirror is tilted up, the image moves up The image of a teal 
light behind the patient’s head, formed by a plane mirror, is 
Situated as far behind the mirror as the light is m front of it 
"WTien the mirror is tilted up, the image moves down 

Hence under the actual conditions of retinoscopy with a 
plane mirror, when the mirror is tilted to the right the imme 
diate source of hght moves to the left and — 

(а) In the hypermetropic eye the circle of light on the 
fundus moves to the right, and the shadow seen m the pupil 
moves to the right 

(б) In the myopic eye (above - ID) the circle of light on the 
fundus moves to the right, and the shadow seen m the pupil 
moves to the left , 

(cj Tn tie myupiu eyv o/ — 

(d) In emmetropia and myopia of less than — ID there is a 
\ery faint shadow moving to the right 

Stated as a mere guide to joactice, with the plane vmroT 
the shadow moves m tho same direction as the mirror in 
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bypermelropja and in tbe opposite direction in myopia above 
one dioptre ; in myopia of one dioptre there is no shadow and 
in emmetropia and myopia of less than one dioptre there Is a 
very faint shadow moving in the same direction as the mirror. 

In actual rctinoscopy the whole of the image of the illumi* 
Dated area of fundus cannot be seen at once; the shadow is 
part of the circumference. In high degrees of ametropia the 
shadow has a distinctly curved border, it is verj' dark, and it 
moves very slowly (Fig. 2'Vi). In low degrees of ametropia 
the border of the shadow looks straight ; it is faint, and it 
moves very rapidly. 

The movement of the shadow, being a purely optical pheno- 
menon, is, of course, independent of the cause of the ametropia. 
Conseouently, in astigmatism, if one axis is hypermetropic and 
the otner myopic (mixed astigmatism) the shadow mov’es in 
opposite directions in the two meri- 
dians Oftcnthcperiphcr)’of thecomea 
is flatter than the centre ; correction of 
the refraction of the central part, which 
is the more important, will then difler 
from that of the peripheral port. 
These \*ari3tioDS produce very puizling 
shadows in many cases. 

Hetinoscopj^ is applied to the estima- 
tion of refraction by placing correcting 
Fiu, 282 lenses in front of the eye and noticing 

the effect upon the shadow. "Wlien the 
shadow has completely disappeared we know that the eye has 
been made myopic D 1 if the surgeon is at one metre from 
the patient. 

Rctinoscopy is conducted in a dark room. The light is 
placed behind and above the patient’s head. The surgeon 
sits at one metre from the patient. The patient wears a trial 
frame ; the eye not under observation is covered by a screen. 
A mydriatic should be u^ed by all but skilled observers, and 
is necessary to them in many cases. A plane mirror should 
be used. The patient looks at the observer’s forehead. 

The light 13 reflected into the eye, and the mirror is slowly 
tilted from one side to the other. The direction in which the 
shadow moves is noted. The horizontal meridian should be 
observed first, then the vertical. If the shadow appears to 
swirl round, not moving in the same meridian as the mirror, 
the eye is astigmatic, and the mirror is not mo\’ing in a direc- 
tion which corresponds with either axis. A direction of move- 
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incnt can then be found in wluch the shadow will move either 
directly with or against the mirroT , this is one of the principal 
axes of the astigmatism The other axis is at right angles 
{regular astigmatism) 

If the shadow moves with the mirror a low convex glass 
IS put in the frame in front of the eye If the shadow still 
moves in the same direction a stronger convex glass is used 
ind so on until no shadow can be seen A still stronger 
convex glass is placed m the frame The shadow now probably 
moves against the mirror We now know that the refraction 
has been over corrected The pomt at which there is abso- 
lutely no shadow — the pomt of rev mal — is somewhere between 
the last two lenses and we know that at that pomt the refrac 
tion of the eye p?HS the lena is equivalent to one dioptre of 
myopia If for example, the shadow cm still be seen to move 
with the mirror with -{- 4 D 
lens in the frame and moves 
against it with -f- 6 B, we 
shall not be far wrong in con 
Bideting that the pomt of re 
vcrsal 18 + 40D A + 46B 
lens would therefore make the f 
eye one dioptre myopic The 
actual refraction is therefore 
+ 3 5 D If there is no astig 
matisra the patient ought to 
be able to read 0/6 with this 
lens If he is under atropine 
a farther correction must be made before glasses are ordered 
Atropmc not only paralyses the ciliary muscle, but also inhibits 
the physiological tone of the muscle This is found by ex 
peneuce to be equivalent to about 1 D of accommodation 
Hence the glass which should be ordered to correct the dis 
tant vision after the mydnatic has passed off is 2 5 D 

Similarly for spherical myopia Supposing — 4 D elimi 
nates the shadow agamst the mirror and — 4 6 D gives a 
distinct shadow with the mirror we know that — 4 25 D v.iU 
leave the eye with still — ID Hence the refraction under 
atropine is — 5 25 D The correction for atropine gives — 6 25 D 
as the lens which corrects dwtant vision without a mydriatic 
The tone of the ciliary muscle is often less m myopia than in 
hypermetropia since myopia should be under- rather than 
over-corrected, it is wiser to order very little more than the 
* atropine correction, c y , 6 6 D m the abov e example 

PIS or«Yt U 
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In astigmatism each pnncipal mendian is corrccted scpa 
ntelj* ^\'ben one meridian is approximately corrected the 
shadoK assumes the shape of a band The edge of the band 
IS parallel to the axis of the corrected meridian Even if the 
light 18 not mo\ed in a direction accurately at right angles to 
this meridian the shadow stiU seems to raoie in the same 
direction This is due to an optica! illusion If a straight 
edge A B is placed obliquely behind a circular hole in a card 
and IS then moved horizontally in the direction of the arrow 
C it inll appear to be moving in the direction of the arrow D 
at nght angles to its own edge (Fig 283) The shadow is most 
sharply defined if the mirror is moved at right angles to its 
edge t e at nght angles to the corrected mcndian 

fhe results are usually recorded thus (Fig 284) the direc 
tions of the lines mdicatmg the directions of the axes — 

The numbers should represent what the surgeon belie% es to 
be the refraction of the eye under the mydnatic, not numbers 



0 «l *3 to *2 

raj (h) (c) (d) 


Fio 

to which further modifications ha\e to be made e^, the 
actual lenses used In the examples giicn (a) is a case of 
remlar simple hypermetropic astigmatism flccordmg to the 
rule (6) regular mixed astigmatism according to the rule , 

(c) regular compound hypermetropic astigmatism against the 
rule (tf) regular compound hypermetropic astigmatism vath 
obli jue axes The exact direction of the axis m astigmatism 
IS usually determined by subjective tnal In children it may 
be found bj placing the requisite cylinder m the trial fr ime 
and rotating it until no shadow con be observed m any dirtc 
tion In the examples gnen the correcting lenses required 
would be (a) d- 2 D c) Imdcr, axis vertical , (6) — 1 D sphere 
combined with 4* 2 5 D cylinder axis vertical or + 1 6 I) 
sph 2 5Dcj1 axishonzontal, (c)+lD6ph C-f2D 
cyl axis horizontal or + SDsph — 2 D cyl , axisTcrtical , 

(d) -i-2D8ph 3+1 SDcyl axis CO’’ down and m or down 
and out, accordmg as it represents the left or the nght eye 
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To avoid ambiguity m ordering glasses the axes of cylinders 
should be uniformly numbered according to the method 
commonly used by British opticians (t ig 285) 



Fkj 285 — SlMidard nomeration of artas of cylinders 


The shadows in regular astigmatwm are not nln ars easy to 
correct, owing chiefly to differences in curvature of different 
parts of the cornea Usually the periphery of the cornea is 
flatter than the centre The centre of the pupillary area will 
then be corrected by a different Jens from the periphery, 
especially with the dilated pupil From this cause vanous 
conflicting shadows may be seen, the commonest being the 
BO*caUed “ scissors ” shadows, where 
two shadows appear to meet each 
other and cross as the light is moved 
m a gnen direction (Fig 28C) These 
difficulties are dimmished with the 
undilated pupil and au experienced 
retinoscopist can obtain reliable resulte 
under these conditions with an intelh 
gent patient Relaxation of the 
patient's accommodation without a 
mydriatic is best obtained if tbe 
retinoseopy is done in a large dark 
room ana the patient is told to look nght across the room ’’ 
In conical cornea a triangular shadow with its apex at the 
apex of the cone, i e , usually slightly below the centre of the 
cornea, appears to swirl round its apex as the mirror is moved 
Retinoseopy is most valuable in determining accurately the 
amount of astigmatism, te , the difference between the two 
meridians 

In irregular astigmatism the shadows move in vanous 
directions m different parts of the pupilkrv area, tJpy 
cannot be accurately conected by sphenca! or cjlmdrical 
lenses, but some improvement of vision may be obtained 
In conclusion, a word of warning must be given The correc 

17— a 
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tion of ft given refraction by Tetmo«copv mav be ^ ery easy or 
very difficult A vast nomber of refractions should have 
been carefully corrected nnd confirmed by subjective tests 
before a surgeon should consider himself justified m ordering 
glasses xnthout supervis on from an expert 



CHAPTCK XXIV 
Errors of Refraction 

Myopia, OT " short sight,” is that dioptric condition of the 
eye m which, with the accommodation at rest, incident parallel 
rays come to a focus anterior to the light-sensitive layer of the 
retina Myopia may be due theoretically to any of the follow- 
ing conditions —A Abnormal length of the eye — oxmI 
myopia B Abnormal curvature of the refractmg surfaces — 
curvature myopia (a) too strong curvature of the cornea , 
(6) too strong curvature of one or both surfaces of the lens 
G Abnormal refractive indices of the media — inicx myopia 
(a) too high mcles of the cornea or aqueous, (6) too high total 
index of the lens, due to (a) too high index of the nucleus , 
0) too low index of the cortex, (v) both these causes, 
(e) too low index of the vitreous D Abnormal position of 
the lens, t e , displacement forwards B A combination of 
the aboi e abnormalities 

It has been proved that emmetropic eyes may differ in length 
by as much as 1—2 mm , and that the radius of curvature of the 
cornea may vary from 7 — 8 mm Emaietropn therefore results 
from the integration of all the variables mentioned m the previous 
paragraph Statistically one might expect its incidence to 
resemble the Gaussian frequency curve, but since the full develop 
ment of emmetiopia is never present normally at butb the curve 
will have a certain ‘ skew deviation ” Almost inevitably some 
cases will fail to reach emroetropia and remain hypermetropic, 
while others will proceed too fat and become myopic Of these the 
former are by far the more numerous I am of opinion that many 
cases of low myopia come under this category They cannot in 
the true sense be regarded as pathological, and they may be 
expected to remiin permanently unprogressne [developmental 
myopia) I have observed many coses of low myopia, with normal 
fundi, which have remained stationary for many years 

There is no question that increased length of the eye is the 
most important factor m the hi^ degrees It is not improb 
able that the other factors are of more importance than is 
commonly thought m the lower degrees Cunature myopia 
su 
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occurs commonly as a factor m astigmatism, but is nre as a 
cause of epbencal myopia, and is then associated with disease 
of the cornea — conical cornea Inder myopia is seldom seen 
climcallT, but it accounts for mj opia as n premonitory symptom 
of scmle cataract, when it is doe to increased refractive index 
of the nucleus of the lens , it also accounts for myopia in some 
cases of diabetes, with or without cataractous changes la the 
lens 

The increase in length of the eye affects the postenor pole 
and the surrounding area , the part of the eye antenor to the 



Fig 287 — nonxonUl t»oai of «*oii9trop o aid nifopli cjm from 

the tame patient (operposed •bovtagthementit^^of ibepre^^uitonal 
reboot {Uemc) 

equator ma^ be absolutely normal (Fig 237) In most cases 
the myopia is of low degree, » e , up to 5 or C D (simple myopia) 
Less commonly the error reaches a considerable degree in c^Id 
hood or early youth, and mcreasea aUaddy up to twenty ds e or 
more finally amounting to 15 to 25 D or more (progressive 
nvjopta) It 13 impossible clintcally or pathologically, to draw 
a distinct Ime of demarcation between the two forms 
In low myopia the only symptom may be indistinct distant 
vision In other cases and m high myopia there is often in 
addition, discomfort after neat work, due largely to dispto* 
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pottioa between the efforts of accommodation and con* 
vergence (wde p. 546). Tbo eyw are nnduly sensitive to 
light. Black spots ore seen floating before them, and some- 
times flashes of light are noticed ; the latter may occur irre- 
spective of any tendency to detachment of the retina {vide 
p. 379). In very high myopia the eyes are prominent, the 
pupils ate large, and the anterior chamber appears deeper 
than normal, probably only owing to the dilatation of the 
pupil. There may be an apparent convergent squint due to a 
large negative angle y (ci® p. 668). A true divergent stra- 
bismus may be found, either concomitant ot affecting only 



Fjo 288 . 



Fio. 289. 

Pio J88 — Djagntmijjstit horizontal eectioQ of nori»a\ disc 
Flo 280 — DiagreoiBiatic honzonUl aeclioti of myopic disc A , nwal 
* side ; T, temporal side , Jl Piymtnl, retinal pigtaent epithelmm , 
R, Tctioa , Ch , choroid , Sd , sclerotic (Sfodified from Kema ) 


one eye. Vision may be very poor, even with correction ; 
scotomata may be present, both central and peripheral. 

Ophthalmoscopically, m low myopia there niay be a quite 
normal fundus ; the optical defect will of course be noticed, 
especially on examination by the direct method. In the 
majority of cases of moderate myopia there is a " myopic 
crescent ” (Plate XVIII., Fig. 2) This is a white crescent at 
the temporal border of the disc , very rarely jt is nasal. In 
higher degrees of myopia it may extend to the upper and 
lower borders, or a complete ring may be formed round the 
disc. The crescent is occasionally absent even in cases of 
high myopia. 

The bulging at the posterior in Wgh myopia is called a 
posterior staphyloma. It is distinguishable chnically only 
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bj* its optical and pathological effects The term should not 
be nsed as a synonym for myopic crescent as is often done 
Optically postenor staphyloma caoscs the high error of 
refraction, and the edge^ may be actually ^^sIble bv the 
indirect method omng to the presence of a crescentic shadow 
two or three disc diameters to the nasal side of the disc and 
concentnc with it and to the change m course of the retinal 
vessels (staphyloma posticum \cnim) Pathologically, pos 
tenor staphyloma causes degenerative changes in the choroid 
and overlying retma these are commonly described as 
“myopic choroiditis,” but this term should be abandoned 
since the condition is non inflammatory and should be called 
myopic choroido-retmal atrophy The changes are generally 



limited to the postenor pole and the surrounding area 
(Plate X^^II , Fig 2) Small jellowish, white, or pigraentetl 
spots, and not mfrequently white branched lines, usually 
honzontal arc found at and around the macula The spots 
coale'^ce, forming irregular areas which maj extend to the 
di«c. Patches of choroidal atrophy are common near the 
disc , they maj fuse with each other and with the myopic 
crescent so as to form a ring round the disc Small foci occa* 
sionally occur at the periphery lltemorrbages m the macular 
region are generally uesenbed m high myopia I behei e them 
to be rare , the appearance of small htEmorthages is very 
nearly simulated, but the spots undergo no change for an 
indefinite time , they are probably due to bunches of dilatei! 
capillaries, usuall) choroidal, rennered visible by rarefaction 
of the retmal pigment layer The retinal pigment epithelium 
often loses much of its pigment m high myopia, so that the 
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fundus IS tjgroid and the choroidal vessels are well seen , this 
condition IS not inconsistent with good vision 
Black specks m front of the eyes ore often complained of m 
myopia Dusty vitreous opacities may be visible with the 
ophthalmoscope (tide p 110), or m high myopia large floating 
streamers The normal muacsB voutantes are seen more 
plamly by myopic than by other eyes, probably because the 
cntoptic image is generally larger 
A tare, but serious, change m the fundus is a small circular 
claret coloured or black spot at the fovea It may appear 
quite suddenly, being accompanied by great diminution of 
central visual acuity it is probably due to intrachormdal 
hajmorrhage or thrombosis 

Detachment of the retina is liable to occur spontaneously 
in about 5 per cent of cases of high myopia, and not lufre 
quently is bilateral (vide p 378) 

/Etiology Myopia is rare m the new-born, the percentage 
of cases increasing rapidly dunng the flrst two decades, 
temammg constant afterwards at 10 to 15 pet cent , as com 
pared with 30 per cent (or emmetropia and 50 to 55 per cent 
IOC hypecmclropia (Fig 290) As regards sex, there is no 
doubt that the higher grades ate commoner in women than 
m men High myopia is as common among peasants as 
among the educated classes who do mote near work It is 
doubtful if near work is a. cause of myopia, a view which has 
been held since the tune of Kepler There is however, no 
doubt that it has a deleterious influence upon the disease 
This has been attributed by Bonders to (o) pressure of the 
exttmsic muscles upon the globe in strong convergence , 
(6) increased intraocular pressure from vascular congestion, 
due to the position of the head , (c) congestion of the fundus, 
ieadmg to softening of the tissues Accommodation has long 
been indicted as a cause of myopia Slany facts are against 
this view, c p , (o) accommodation occurs much more forcibly 
m hypermetiopia , (6) it does not increase the intraocular 
pressure , (c) it does not aSect the choroid farther back than 
the eguator^ and does not aflfect the sclerotic at all 
The mechanism whereby convergence mfluencea the pro 
duction of myopia is the subject of many thcones, e g , pressure 
on the vortex veins, increased intraocular tension and so on 
Neither accommodation nor convergence alone suffices to 
explain the genesis of myopia There must be some mdmdual 
predisposition which provides any such accessory causes with 
advantageous conditions There w probably a congpoital 
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wtnkness of the sclerotic Other theories in^oVe shortne^ 
of the optic nerve {certainly false) special confonnation of the 
skull leading to mere isetl intcrpupjliarv distance or alteration 
in the position of the pulley of the supenor oblique Ac The 
vieiv that moderate and high myopia ore essentially distinct 
diseases due to different cau«es is probably untrue 
The cau«e of the myopic crc«oent has given nso to much 
di'cussion It IS probably congenital in ongin allied to other 
congenital crescents (tarfe p 401) but there is no doubt that 
it ma^ become altered by the conditions obtaining in the 
myopic eye Anatomically there 15 considerable distortion of 
the papilla m myopia It has been attributed to dragging 
produced by the development of the posterior staphyloma, 
whether caused thus or not it is an influential factor Some 
authors ascribe the crescent to this cauee (distraction crescent) 
Id well marked ca«es the bead of the nen e js pulled over to the 
temporal aide The retina including the pigment epithelnim, 
IS pulled slightly ov cr the nasal edge of the di«c (siipcrtmction 
crescent) On the temporal side the piracnt epithelium stops 
abort at a variable distance from the disc and the choroid la 
atrophic here (Fig 289) This part appears ophtbalmoscopi 
cally as the crescent 

The fact that the crescent may be absent tn high myopia 
and IS often present in low militates against the view that it is 
cau«ed entirely by traction It is not due to accommodation 
for the same reasons that myopia is not caused by this factor 

As regards prognosis low or moderate degrees of myopia 
(up to 5 or 6 D) unless occumng in } oung children have a 
good prognosis (vide p 517) They are not hkely to progrc« 3 , 
and in some of the conditions of cmlised life they may even be 
an advantage to the individual The same condition in a child 
before the age of schooling is of grave prognosis, because it is 
almost certain to progress so that in a few years there ma} be 
10 or 15 D of myopia accompanied by serious fundus changes 
and defects of vision The prognosis m high degrees of m 3 opia 
13 always grave It must judged by the acuity of vision 
after correction and the condition of the fundus In all ca^ev 
there 13 some danger of retinal detachment occumng 

Treatment consists in weanng suitable correctmg glasses 
and attention to the hygiene of the eyes Each ca«o must 
be considered on its merits 

As regards the ordenng of glasses in myopia ev ery surgeon 
agrees that myopia must never he oieT-correeied Opinions 
differ as to details Tn low myopia, up to B or G D (young 
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children excepted) no hirm is done by ordering the full 
distant correction for constant use, but if this is done the patient 
must be warned not to hold neat work closer than ordinary 
reading distance Slany surgeons order glosses weaker by 
2 or 3 D for near work. This has the effect of making the 
patients artificially presbyopic, i e , if they hold the work at 
reading distance they exert 2 or 3 D less accommodation than 
an emmetropic person would do, or than they themselves 
would do if wearing full correction Many patients ore more 
comfortable for near work with the weaker glasses , others 
find no benefit There is no doubt that the principle is 
derived from the fallacy that accommodation, per se, has a 
deletenous effect upon myopia But there are some inherent 
objections to the weaker glasses The patients often bnng 
their work closer than reading distance As far as accoramoda 
tion 13 concerned this matters less with the weak glasses 
than with the strong but mere accommodation is of little 
importance It is com ergence which is the important factor 
In order to read at reading distance there must be some con 
vergence If the artificial presbyopic correction is given no 
stimulation to converge is suppli^ by the act of occommoda 
tion, so that m order that physiological requirements may 
be satisfied the visual ares should be parallel This can only 
be effected by combinmg the glasses with pnsms, bases m 
(titde p 647) If the work is held too near still more con- 
vergence IS required, and the arguments apply still more 
strongly 

In general, tn low myopia, the full correction may be ordered 
for constant use, with minute instructions as to near work , 
m the event of any discomfort being expenenced, weaker 
glasses should be ordered for near work especially if much 
reading and sewing, 4c , is engaged m Children should wear 
their distance corrections, and wear them constantly — not 
specially xn the interests of their eyes but m the interests of 
theic mental development For children with even low 
degrees of uncorrected myopia cannot be expected to take a 
normal mterest m their surroundmgs, since they cannot see 
distant objects as clearly as their ieffows Their mental 
hon?on IS constricted, they tend to become unduly intro 
spcctive, and they are thrown more and more into finding 
their interest m reading and near work, so that it becomes 
more difficult than ever to r^tnet such work 

In young people with intermediate grades of myopia it is 
well to err on the safe side and order a sbght under correction 
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In sach caaes, however, the patients will often peer obliquely 
through the glasses, whch unproves the definition in spite of 
the astigmatic efiect o! tilting strong lenses 
In high myopia it is xiise always slightly to undcr-correct 
even for distance, and the same or still weaker glasses may be 
ordered for near worL. In the highest grades the patient often 
sees best with glasses which are decidedly weaker than the full 
correction , he should be allowed to choose those he prefers 
One reason is that the strong minus glasses very markedly 
dimmish the sue of the retinal images and make them very 
bright and clear The retinat images arc diminished because 
the gla«!ses ha^e to be worn farther from the eye than the 
antenor focal plane (tide p 42) , glasses for high myopia 
should therefore be made to fit as close to the eyes as pos 
sible tone lenses may be ordered, or the eyelashes cut 
in order to prevent them from nibbing upon the glass The 
very bnght, clear images are nncomlortablc because the 
rctma is unduly imtable, probably owing to the fact that it 
has become accustomed to large indistinct diiIu«ion images 
Moreover, much artificial astigmatism, and therefore distor- 
tion of the image, is produced by looking obliquely through 
strong glasses , it is found to be most disconcerting to those 
who bemn the use of glasses or have them much strengthened 
late m life ^ ery short-sighted people get mto the habit of 
turning the head rather than the eyes to avoid looking 
obliquely through the glasses Some high myopes can find 
their way about much better without any glasses Contact 
plaws afford relief in cases where they can be borne 

In \cry lugb myopia the requisite amount of coniergence 
for near work may be impossibtc Ifeadmg and other near 
work then becomes purely umocular Generally one eye is 
better than the other, and this eye is always used The 
effort to maintain con\ergeDce under impossible conditions 
IS soon gu en up, which results eventually in the disused eye 
becoming dnergent There are other factors which tend to 
cause dnergent strabismus in myopia (tide p 5S1) 
iVs regards hygienic measures m myopia, especially in the 
y oung near work, apart from being held in the proper position, 
must be restricted It is particularly important that it 
should not he done too continuously More work can be 
done, vnth less harm to the eyes, by the interpolation of 
frequent short intenals of rest It is best to give preci®e 
instructions as to the amount and distnhution of near work 
The illumination must be good, but not too bnght, and it 
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should come from behind and beside the patient’s head If the 
light IS bad there is a strong tendency to bring the book or 
work closer to the eyes in orfer to enlarge the retinal image 
Reading in bed and stooping over near work must be forbidden 
The education of young children suffering from myopia 
presents considerable difTicuUy Most of tlie teaching is oral , 
the scliool books are printed in large characters, and writing is 
taught with bold letters on a blackboard The methods 
adapted in the Loudon County Council " myope classes " are 
admirable for the higher degrees, but arc liable to be overdone 
by enthusiasts Great judgment is needed in the restriction 
of near v ork in school children with 8 to 10 D of mvopia 
They are often unusually intelligent, and it must he realised 
that extreme measures such as abstention from all near worl 
for two or three years, may rum their future careers 
If the eyes are irritable, or the myopia is progressmg, com* 
plete rest is imperative Atropine should be instilled once a 
day for a prolonged period, tonics, especially iron and arsemc, 
should be given, and a change of air to the country, with 
plenty of healthy exercise, is desirable Excessive muscular 
oserciso, atraimng, and biting heavy weigbtsshouldbeavoided 
Operattie treatmoil for high myomo If an eye has axial 
myopia of 24 D, its length will be about 31 mm [tidt p 530) 
If the crystalline lens of such an eye is removed, paraUel rays 
will be focussed upon the retina without the intervention of 
any correcting lens, and the retinal images of distant objects 
will be larger than those of the emmetropic eye Hence the 
extraction of the lens has been strongly advocated in high 
mvopia In completely successful cases the improvement 
is very great The operation is, however attended with grave 
dangers The eye n ith high myopia is a diseased eye, which 
withstands operative measures badly The vitreous is likely 
to be fluid and to contain opacities The retina and choroid 
are probably diseased, and the tendency to detachment of the 
retma is increased by operation No dogmatic rules can yet 
bo given for the operation I am guided by the following 
;Dtmcpilcs Oniv .vounj: jiatients should be querated 
upon , (2) tile operation should he discission without subse 
quent curette evacuation unless it becomes imperative on 
account of tension , (3) there must bo at least 15 D of myopia , 
(4) the fundus must be fairly healthy, f5) one eye only must 
be operated upon The operation may bo performed under 
less favourable circumstances if vision is so bad as to be 
useless, but such cases arc rare 
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Hjrpennctropja (Syn — Hyperopia), oi “ fnt eight," is that 
dioptnc coaditioti of the eye m which, with the accommoda 
tion at rest, incident parallel rays come to a focas po tenor 
to the licht sensitive layer of the retina K^-permetropia 
may be duo theoretically to anr of the following conditions 
— A Abnormal shortness of the eye— oziol hi/pcnntlropia 
B Abnormal curvatute of the teftacting surfaces — curvature 
htjpcrnidrojna (a) too slight cunatiire of the cornea , (6) too 
slight cunature of one or both surfaces of the lens C Ab- 
normal relnctive index of the media — indcr hypcrmdropia 
(a) too low index of the cornea or aqueous , (6) too low total 
index of the lens due to (a) too low index of the nucleus, 
(Cl) too high index of the cortex, (7) both these causes , (c) too 
high index of the ntreous D Abnormal position of the lens, 
I e displacement backwards E \b«ence of the lens— 
apAaha F A combmation of the abo%e abnormalities 
ils m myopia, the chief factor in clinical h}*permettopia is 
abnormality m the length of the eye , in this case the eye 19 
too short It must be remembers that a small eve, thoiicb 
too short IS not necessanU hypermetropic, since there may oe 
uniform diminution of all the parts This is perhaps, most 
easily understood if a diagram such as Fig 29 is considered , 
if such a dingram is umfonniy dimimsbed, c y . by photography, 
the parallel rays in1l stOl come to a focus on the retina As 
a matter of fact hypermetropic eyes arc almost in%Tinably 
also smaller than normal a fact which is of great pathological 
importance {vule p 283) 

Cunature hypennetropia occurs commonly as a factor m 
astigmatism it is almost unlcnown os a cause of spherical 
hypennetropia Index bypermcttopia accounts for the hyper- 
nietropia of old age {vide p 63) and it is to bo attnbuted to 
increased refractnc index of the cortex of the lens 
n>’permetropia rarely exceeds 6 — 7 D, which is equivalent 
to a shortening of the optic oxis of 2 mm Indiv iduai cases of 
much higher degrees, without other nnomalv, such os coloboma 
or microphthalmia, baie been recorded — up to 24 D 
In the young the condition may cause no symptoms MTicn 
symptoms arc present or arise they are chiefly referable to the 
abnormal amount of accommodation to i%hich these eyes are 
subjected and to the lack, of consonance between accommo- 
dation and convergence (enfe p 54C) As has been pointed 
out the healthy youth has an ample rescri c of accommcwation, 
and if he happens to be hypermetropic he accommodates for 
distant and near objects without being conscious of the act 
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IfheisTrealvIy or does macb near T7orktbeperpetual overaction 
of the cihary miiscle is Ukely to produce symptoms , the condi- 
tion IS often called accommodative asthenopia ox " eye-stTam ” 
The symptoms are noticed chiefly after readmg, sewing &c , 
especially in the cvemng by artificial illumination The eyes 
ache and burn , they may feel dry, so that blinking movements 
ore more frequent than usual or there may be lacrymation 
The conjunctiva and edges of the hds become red, and actual 
blepharitis may be caused If near work is persisted m head 
ache usually frontal comes on Typical migraine may 
occur 

In young children bypermetropia is a predisposing cause of 
convergent strabismus (go) In all cases latent convergence 
13 often found m hypermetropes though other forms of hetero- 
phona may occur (tide p 687) The presence of heterophoria 
increases the tendency to headache i.c 
In older patients no symptoms may be caused until the 
power of accommodation has diminished to the extent that 
the far point is beyond the range of comfortable reading dis 
tance ^ear work has to be held farther off than usual in order 
to bo seen clearly The greater the degree of hypermetropia 
the sooner will tais*8ymptom arise In other words apparent 
presbyopta conunenecs at an earlier age than usual it must 
be carefully borne m mmd that bypermetropia predisposes to 
glaucoma (j u ) in elderly people 
Opbthalmoscopically the fundus may exhibit no abnor 
malitj' A bngbt reflex, suggesting the appearance of watered 
silk, IS commoner in hypermetropic than in emmetropic or 
myopic eyes The mfenot crescent is also more common m 
these eyes than in others as also abnormal tortuosity of the 
retmal vessels In some cases optic neuritis is nearly simu 
lated — pseudo papillitis (vide p 390) 

Anatomically the eye js snorter than normal in hyper 
metropia it is also usually smaller The changes are not 
confined to the post equatorial segment as in myopia The 
diameter of the cornea is often reduced and regular astig 
matism is common The anterior chamber is shallower than 
iwraufl’ ownig‘pmxty’i.Vcthriimmin’jfli»va*iAhribicrvt'ttd,'’ir iliU)' 
Little weight should be attached to the old observation that the 
circular fibres of the ciliary muscle are hypertrophied, thf* 
meridional atrophied in hypennetropia L'o anatomical 
abnormalities are found m the retma choroid or optic nerve 
The new born ate almost mvatiably hypermetropic (mean 
2 6 D) In the first decades of life the bypermetropia curve 
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falls rapidly, remaining at about 50 per cent after tlie tvrcntietL 
year (Fig 2*^0) Hypermctropia shows no predilection for 
either sei It is a well known fact that savages are usually 
hypermetropic The higher mammals especially the camu ora 
are hypermetropic 

Treatment consists m prescribing the correcting glasses 
Unless there are definite aymptoms there is no reason for 
insisting upon the use of glasses m the young ox middle aged 
In elderly people the hypermettopia must be corrected for near 
work the ordinary presbyopic correction must be added to 
the hypermetropic correction hut cate should he taken that 
these cases are rather under than o\er corrected (vide p 53') 

In young children the requisite correction is estimated under 
atropine confirmed if possible by anbjcctive tests The correc- 
tion allowing for the effect of atropine upon the tone of the 
cihary muscle (tide p 513) is orders for constant use or only 
for near work according to the seventy of the symptoms If 
the degree of hj'permetropia is high the use of the glasses may 
be commenced while the child is stiU under the influence of 
atropme In older patients with highhypermetropia it is often 
nnwise to order the full correction at once The cihaiy muscle 
has been overworked so long that complete relaxation docs not 
occur immediately If the full conection is ordered the eye 
with Its contracted ciliary muscle jius the ^kss » made 
m)opic the patient cannot see clearly at a distance and u 
liable to discard the spectacles In these cases rather mote 
than the amount of manifest hypcnnetropia should be ordered 
The patient is told to return m three or six months when 
stronger glasses are ordered and so on until the full correction 
can be home with comfort 

Astigmatism is that condition of refraction m which a point 
of hgbt cannot be made to produce a punctate image upon the 
retina by any spherical correcting lens The varieties of 
regular astigmatism have been already enumerated {vtde 
P 4C) 

Regular astigmatism the only fonn which permits of optical 
conection inv anably produces greater or less defect m visual 
acuity It IS particularly liable to cause the worst forms of 
asthenopia or eye-stram the asthenopia m these cases is 
only m part accommodative It is often worse m the lower 
degrees of astigmatism than in the higher This is probably 
due to tbe eye cndcavounug so to accommodate as to produce 
a circle of least diffusion {vtde p 4C) upon the retina Aching 
of the eyes severe hcada^es and typical migraine are com 
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plained o{ , the eyes quicUy become fatigued isith reading, 
and the letters ate described as tunning together ” 

Eegular astigmatism is usually a congemtal defect due m 
most part to dmerence m curvature of the cornea in different 
meridians It must be remembered tiiat frequently the cornea 
IS not alone at fault Corneal astigmatism may be meteased 
or partially corrected by lenticular asti^natism hence the 
methods for correcting astigmatism, such as the ophthalmo- 
meter, &c , rrhich are ivhoily dependent upon estimation of the 
corneal defect, are quite untrustworthy except m aphakia 
Keralar astigmatism may be traumatic, following a wound, 
usually surgical, m the comeo scleral margm The contraction 
of the scar causes flattemog of the cornea m the meridian at 
right angles to the wound The astigmatism due to this cause 
continues to alter for many weeks after the injury, so that 
glasses should not be ordered for at least six weeks 
The higher degrees of astigmatism canse much lowermg of 
visual acuity this is usually least in mixed astigmatism, 
probably because the circle of least diffusion falls upon the 
retina 

Treatment In all cases in which astigmatism causes 
asthenopic symptoms the full coneotion should be ordered for 
constant use, \ c , both for distant and near vision If there is 
a high degree of hypermetropia or myopia, associated with a 
low degree of astig^tism, the effect of the cybnder upon 
distant vision should be tested If it produces no appreciable 
improvement simple spherical glasses should be tned first 
It should be remembered that glasses placed before the eyes 
only correct the refraction accurately when the visual axis 
passes through the optical centre of the lens "When the eyes 
are directed to one side the lenses also act as pnsms, and further 
the lenses ate tilted relatively to the eyes so that an astigmatic 
effect 13 produced In the case of high sphencal lenses the 
astigmatic effect is considerable, and may easily coimteract 
or double the effect produced by a weak cylinder combined with 
the sphere Hence weak cylinders are seldom of much use 
when combined with high spheres 
In low astigmatic errors the instruction as to the use of 
glasses depends upon the amount of asthenopia The relief 
of the discomfort experienced may not be worth the trouble 
of wearing glasses constantly In these cases they should 
be ordered for near work only, and if this fails to ebmmate 
the symptoms the advice shi^d be given to wear them 
constantly 
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Aphakia « the condition of the eye when the crystnlhne lens 
has been iemo%ed The eye is extremely hypermetropic if jt 
was emmetropic or had only a low grade of ametropia before 
temo\al of the lens The hypermetropia, as estimated bj the 
correctmg leas required when worn m the usual position, is 
about 10 or 11 D if the eye was previously emmetropic. 

The optical conditions of the aphakic eye are sery simple It 
consists of a curved surface, the cornea, separating; two media, 
air and vitreous of diBcrent rcfrartixe indices Knowing the 
radius of curvature (3 mm ) and the refractive indices (i and 
1 33), It 13 easy to calculate the focal distances The antenor 
focal distance is 23 mm and the posterior 31 mm , as compared 
with 13 mm and 33 mm respectively for the normal eye If 
the aphakic eye were 31 mm long parallel rays falling on tie 
cornea would be brought to a focus on the retina and no correcting 
glass would bo required for distance It is easy to calculate the 
amount of axial myopia of a phaVic eye which is 31 mm long 
It has been already pointed out that m the phaktc eye 1 mm 
of elongation is equtialent to an axial myopia of 3 1) There* 
fore an eloneatioa of 31 23 mm , t c , 8 mm , eqoab 21 D (nde 

p 625) 

The retinal image of the aphakic eye is about one third as 
large again as the emmetropic retinal image lienee vision of 0/6 
with a conectiDg glass after extraction is not quite so good as it 
seems 

Accommodation is, of course, lost The anterior chamber is 
deep, tbe ins tremulous, and tbeic js often, a coloboma of the 
ms upwards In cases of doubt os to the absence of the lens 
the I^rkinj e-Sanson reflexes from tbe lens surfaces should be 
sought 

Uith the ophthalmoscope opacities will probably be found 
in the pupillary area consisting chiefly of remnants of the lens 
capsule They should be examined by obhqueillummation, by 
tbe nurror and by the direct method if they are dense, 
discission 13 indicated before attempting to correct tbe lefrac 
tion , if they are slight, the adMsabiUty of needling depends 
upon the amount of vusion obtained with correction 

In addition to the hypermetropia, there is always some 
astigmatism in those cases m which a corneal or comeo-scleral 
section his been niade If the section is m the upper part of 
the cornea, the astigmatism is against the rule , * c , the cornea 
JS flattened in the % ertical menian The astigmatism usually 
amounts to 2 or 3 D It gradually diminishes, fairly quickly at 
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first and very slowly after the first few weeks, as the cicatncial 
tissue in the scar contracts 

Trealtneni The refractive error is determined by rctino* 
Bcopy and bv subjective tests The ophthalmometer may 
afford help m these cases Great patience is often necessa^, 
for the patients do not readily accommodate themselves to the 
new optical conditiona A 10 or 11 D convex lens combined 
with a 4- 2 ox -j- 3 D cylinder, axis horizontal, is about the 
correction usually required for ^stance It should be remem 
bered that the lens in the trial frame is usually farther from 
the eye than m well fitting spectacles With these strong 
lenses an appreciable error is mtroduced, and the spheres 
ordered should be 0 6 — 0 75 D stronger than those which give 
the optimum result with the trial frame The sphere must he 
stronger by 4 D for near work A amaU amount of false 
accommodation can be obtained by sUghtly altering the dis 
tance of the glass from the eye The correctmg glasses should 
not he ordered earlier than six weeks after the operation, both 
on account of the necessity of resting the eye and because the 
astimnatism changes raptdly during the first few weeks 

if one eye only bas neen operated upon, the other bung 
cntatactous, reversible spectacle frames may be ordered In 
them, the bridge is honzontal, so that when the distant glass 
IS being used the near glass ts in front of the eye which has not 
been operated upon, and woe tersd Reversible frames, 
however, never fit very satisfactorily 

The aphakic eye la specially bable to erythropsia (q v ) and 
should therefore not be exposed to very bright light 

Anisometropia is the condition m which the refraction 
of the two eyes shows a considerable diCerence A shght 
difference is very common The condition may cause asthe 
nopic symptoms. AH varieties and degrees of anisometropia 
occur In the lower grades there is usually bmocular vision, 
though it is imperfect In the higher grades this is imposbible 
without correction Distinct v isioa is then uniocular, and there 
is Bomo danger of the eye which is not used becommg divergent 
If one eye is nearly emmetropic and the other myopic, the 
former may m some cases be used for distant, the latter for 
near, v ision 

Treatment Correction of anisometropia o5ers many diffi- 
culties It has already been mentioned that if correcting 
glasses are placed at the antenor focal plane of the eye, the 
rctmal images in axial ametropia ate the same sue as the 
emmetropic retmal image In practice the glasses are farther 
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from the ej es Consequentlr with conrex glasses the retmnl 
image is emargod with conca^e tlimmished In high grades 
of anisometropn, therefore, there mil he a considerable 
difference in trie sire of the retinol images of the two ejes 
(anwcilonm) Patients find it difficult or impossible to fu«c 
these share hut divert image*' Moteo\ er, on looking obhquelj 
through the gla^'^ea the prismatic effect and the distortion arc 
different in the two ejes enhancing the discomfort Contact 
glasses diminish thc*‘c optics! effects and ma> he onlcred in 
suitable ca«cs 

Ino nnuersal rules can he giicn for the gh^ses which should 
be ordered The following suggestions will generoU) be found 
to work well If the difference between the two e^es is less 
than 4 D, the full correct ion should be ordered for constant u«e , 
they should be pcrsevcringly worn for at least six week's If 
still they cannot be borne, it will probably he necessary to 
correct only the less aroetiopic eye for distance 

Id patients of less than twelve years of age the full correction 
should also be ordered for constant use, eren if the difference is 
greater than 4 D The moreametropic eye should bo exercised 
alone as meases of concomitaot strabismus (t-nfep 677) Very 
often the treatment will fad, but it should be tried tn the 
interests of bmoculae vision It is almost certain to fad in 
older patients 

■^Tien the full correction cannot be worn constantly and 
one eye is myopic, both eyes can often be made to work to 
gethet m comfort for near work by making each eye artificially 
presbyopic to tbe extent of half the difference between the two 
eyes hot example suf^iosc one eye is emmetropic and the 
other has 3 D of myopia the patient will be most comfortable 
with -}- 1 5 D m front of tbe emmetropic, and — 1 5 D in 
front of tbe myopic eye for near work 

TrtE CoRREcnov or Pbrors or REnuCTioN 

The correction of errors of refraction has been already briefly 
sketched It will be well however to outline the method to be 
adopted in systematically examining for and correcting these 
errors and to indicate the requirements which should be 
satisfied by spectacles 

If the patient u less than fifteen years of age — 

(1) Test the distant and near vision if the child knows hiv 
letters 

(2) Test the pupil recctioiw , 
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(3) Test the muscular balance by the screen test (vide 
p 650), 

(4) Examine the fundi with the ophthalmoscope 

Then order ung atropin®, J per cent , to be inserted with a 
glass rod, three times a day for at least three days 

At the next visit — 

(1) Determine the error of refraction by retmoscopy , 

(2) Thoroughly examine the fundus with the ophthal 
moscope , 

(3) Confirm the retmoscopy by subjective tests, if the child 
knows his letters , 

(4) Order the conection according to the principles emm- 
dated m the paragraphs devoted to the respective types of 
refractive error 

If thejiatient ts beltceen fifteen and fueniyfite years of age, the 
same procedure should be adopted, but m many cases the pro 
longed action of atropme so senously interferes with the 
patient's employment that it may be replaced by faomatropme 

If the fattenl w bcUceen ticenly fixe and forty , — 

(1) Test the distant vision, the manifest hypermetropia, and 
the near vision , 

(2) Test the pupil reactions and the range of accommodation , 

(3) Thoroughly examine the eyes with oblique lUummation 
and by the ophthalmoscope. 

If it is concluded that the defect is simply due to error of 
refraction, the farther procedure depends uj^a the results of 
the subjective testing — 

{1) If the vision IS G/6 and J 1, with a low degree of manifest 
hypermetropia and few asthenopic symptoms glasses may be 
ordered accordmg to the amount of manifest hypermetropia 
(wdc p 628) 

(2) If the vision is less than 6/6 no Hm, but J I is read 
fluently when the type is held closer to the eyes than normal, 
the patient has probably simple myopia la general homa 
tropme should be instilled, and the glasses ordered according 
to the retmoscopy and subjective tests under the mydriatic 
The expert may feel justified in ordenng glasses without using 
a raydnatic, judging by the subjective tests and his ophthal 
moscopic exammation, confirmed by retmoscopy vnthout a 
mydnatic 

(3) If the vision is less than 6/G, and 6/6 cannot be read with 
any spherical glass, or if some letters only of 6/6 can be read — 
letters with obhqne lines, eg bemg missed in that line and 
even in the other Imes — the patient is probably astigmatic 
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Homatropme must be lostiUed, and tbe tefraction corrected by 
retinoscopy 

If the patient u oier forty the etominatiOD will be exactlj 
as for one between twenty fixe and forty, except that pres 
byopia must be taken into account, and greater care must be 
exercised m instilling a mydnatic Presbxopm aflects the 
distant vision in hypcTroetiopes in such a manner that 
although 6/G may not be read with the unaided eye, it may 
be possible with a conxex lens Its effect upon near vision is 
discussed elsewhere It is of little use to test the near vision 
of a presbyope without the glass which is necessary to correct 
the presbyopia, since no useful knowledge is obtained If the 
vision cannot be improxed up to C/6 with a spherical lens, the 
patient is probably astigmatic, or has some disea«c of the 
eye, e 5 . incipient cataract If ophthalmoscopic examination 
indicates merely the presence of astigmatism, homatropme 
(neicr atropine) should be instilled, but in eienj caee in tfAicA 
Mw w done one drop of esenne, 0 5 per cent , ts vietillcd into the 
eye before the patient leates After estimating the error of 
refraction by retinoscopv it is advisable to sec the patient 
again after the efiects of homatropme have passed off before 
ordering glasses for near xusion 

Spectacles In children swctaclcs with large round or 
“ round oval ” ‘ eyes " should be onicred, otherwise the child 
m^ look over them 

in adults with astigmatism spectocles or ngid ptncc-nez 
must be ordered never ‘folders*' The latter are ncxer to 
be recommended and arc absolutely contraindicated in 
astigmatism 

It IS very important that all glasses fit accurately In distant 
glasses tbe lenses must be centred so that the optical centres 
are exactly opposite the centres of the pupils when the nsual 
axes are parallel Near glasses arc decentred slightly inwards, 
and tbe lenses are tilted so that the surfaces form an angle 
of 15’ with the plane of the face they arc then approxi 
mately at right angles to the visual axes when the eyes axe 
directed downwards in reading 

Yatums fuema of hifocal glasses, axu sntDAtvavis. used In 
them the upper part contains the distant correction the 
lower part the near If recommendc i, patients should be 
warned that they may expcnence some dilTiculty m going 
downstairs and 60 on, smee objects on the ground mil appear 
blurted when looking tlirough the glasses and prismatic effects 
cause apparent displacement of objects 
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If tinted glasses are desirable, e.g., in higli myopia, albinism, 
&c,, the correcting lenses may be tinted. For use in tropical 
countries Crookes’s glass {vide p. 148) may be used. 

In cases of irregular corneal astigmatism and high myopia 
groat improvement of vision occurs when a suitably cura-ed 
glass meniscus is placed in actual apposition to the cornea. 
Such " contact ” glasses can only be borne in few cases and 
much peraeverance is required in their application and removal. 
They are not free from danger of causing ulceration, &c- 
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Anomalies of Accommodation 

Presbyopia has been already explained (wde p 55) It is a 
physiological condition and therefore not propctl) included 
amongst anomalies of accommodation It is convenient, how 
eier, to discu&s its clinical treatment here, since it is so nearly 
allied to the correction of errors of refraction 

It has been shoam that no convet lens of greater strength 
than 4 D should be ordered to correct presbyopia in the absence 
o! hypennctropia , further, that the rule that a presbyope 
requires + 1 D for every five years alter forty errs on the side 
o£ being a somcn hat bberal allowance Rather less, and sever 
more, should be ordered Some people, especially if they ba\e 
hypermetcopia, and therefore still stronger glasses foe near 
work, ha>e discomfort with their proper presbyopic correction 
It IS usually due to the absence of any etimulus, derived ttom 
the accommodative effort, to comerge (tide p 54G) Theo- 
retically the ^ isual axes should be parallel when the presbyopic 
correction is used Convergence, however, is necessary in 
order that both eyes may see the near object It may be 
ebimnated by combining pnsms, bases jn, wjtb the correcting 
glosses 

la many occupations, ey, bootmaking, carpentering and 
so on, the work is held at a greater distance than ordmary 
reading distance The correction for work must then lie 
ordered according to the distance, a weaker glass being 
required for a distance greater than 22 cm 

Myopes of course may require no glass for near work Their 
presbyopic correction is estimated by the algebraic sum of 
their m>opia and presbyopia 

Paralysis of Accommodation, or eycToplegia, occurs in disease 
as well as from the direct action ot drugs fcycloplegica) such 
as atropine and homatropine Unilateral cjcloplepia is gene- 
rally due to drugs (often through rubbing the eyes after using a 
belladonna liniment), contusion (tide p 430) or to panl^-sis of 
the third nerve Bilateral paresis, less commonly paral^*si3, is 
most frequent alter diphtbena,batniay occur aftcrdebilita ling 
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jllness, lufluenza, syphilis, diabetes, tabes, cerebral disease, Lc 
Paresis of accommodation occms as a premonitory symptom 
of glaucoma 

In complete paral 5 ^is the sphmcter pupiUm is also generally 
paralysed, so that the pupil is mdely dilated In paresis the 
pupil may bo scarcely at all affected, especially after diphtheria, 
but m this disease the reverse of the Aigyll Robertson pupil 
may be met with, viz , loss of reaction to accommodation 
with retained reaction to light The symptoms depend upon 
the condition of the refraction If the patient is myopic, 
the defect may pass qmte unnoticed , if he is emmetropic, 
near vision will be alone affected , if he is hypermetropic, both 
distant and near vision wiU be affected, but particularly the 
latter In paresis it may be possible to diagnose the condition 
only by carefully meaaurmg the range of accommodation 
la diphtheritic cases the paralysis of accommodation follows 
the pnmaiy attack at an mtcival of several weeks, and is often 
associated with paralysis of the palate, loss of knee 3 etk 8 , &c 
The sore throat may have been very shght and its diphtheritic 
character unrecognised The lesion is probably nuclear, 
either toxic or bcemorrhagic Cycloplegia m middle life 
should arouse suspicion of diabetes It also occurs m chromo 
alcohohsm 

Paralysis of accommodation m children is liable to be over 
looked owing to instillation of atropine for estimating errors of 
refraction without previously testing the near vision 
The prognosis is good m cases due to drugs or diphtheria 
In traumatic cases the condition may be permanent 
Treatment is that of the cause Post-diphtheritic cases 
should be treated with tomes, especially stryebrnne ^Vhen 
ever the condition is bilateral neat work can be earned on by 
usmg suitable convex glasses as m the correction of pres 
byopia As a rule, however, the eyes should be kept at rest, 
so that it 15 inadvisable to order glasses Sliotics are some 
times used, but they may do harm and seldom do good The 
constant current may be tned 
Spasm of Accommodation It has already been mentioned 
that the ciliary muscle has physiological tone which is 
abrogated by atropine, and is equivalent to about one dioptre 
In some cases it is found that atropine produces a much greater 
effect This can only be due to spasm of the ciliary muscle 
It IS found only in young patients, and, contrary to what 
might be expected mote often m myopes than m hyperme 
tropes In anj case an actual or relative myopia is produced 
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Spasm o£ accommodation is produced artificially by the 
mstUlation of miotics 

la spontaneous spasm of acaimmodation thcie is neatly 
always some error of retortion. The eyes have usually 
beta subjected to too much near wotL under unfovourable 
circumstances The condition should not be diagnosed unless 
proved to be present by the use of atropine 

Ttcalmcnl consists m the use of atropine for seieral weeks 
The amount of near work must be bmited and camtd out 
under good conditions, the error of refraction being carefully 
corrected 
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CHAPTER XXVI 

Anatomy and Physiology of the Extrinsic Octilar 
Musdes 

The mtemal rectus is inserted mto the scleiotic about 5 5 
mm to the nasal side ol the eomeo scleral mai^m, the taferior 
rectus 6 6 ram beloiv, the external rectus 7 mm to the tern 
I)oral side, and the superior rectus 7 5 mm above (Fig 291) 
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Fio 201 — 'LinM of jnsertioa of 
the Tectl muacles of tiglit eye 
seen from In front 



Fro 202 — ^IdOGs of lasertiou of 
the superior oblique muscle 
end of tbe supenor, external 
sod loteroal recti of ngbt 
eye seen from above 


The tendons ire about 10 mm broad Tha otigm o£ these 
muscles around the optic foramen is much to the nasal side of 
the posterior pole of the eye It has been proi cd that when 
the extrinsic muscles act thqr turn the eye around a spot 
which IS called the centre of rotation (Pig 293) Tina spot is 
situated about 13 5 mm behind the centre of the cornea It 
lies m the same honrontal plane as the lateral recti Con 
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sequentiy when the internal or external rectus acts it rotates 
the eye honrontallv inwards or outwards respcctnelv around 
a rertical axis through the centre of rotation without any 
rotation about the honzontal axis ^ 4 ^ 1011 , howeicr, the 
supenorrectusacts.itnotonlypuDstheeyeupwnrds but also 
inwards while there is «ome rotation of the cornea, so that the 
vertical mendian assumes a direction from abo\ e down and out 



no 593 — Diignai of the 
1 nes of action of the ex 
tmu ctaa<clciof Icftejre 
(After Fiek ) C centre 
of roUtjotL The arrotrs 
»hoir the directions of 


(torsion) Similarlv when the infcnor 
rectus acts the eye is pulled dotrn 
and in the lertical nicndian cl the 
cornea being denated so that it 
lies from above down and in (Fig 
294) 

The oblique muscles are inserted 
into the sclerotic behind the leiel of 
the centre of rotation (Fig 292) 
Theic duceetion of action la fwm be 
hind forwards and inwards Hence 
the superior oblique pulls the eye 
downxrards and outwards, the infcnor 
oblique upwards and outwards The 
mcebamsm is ^ arranged that when 
the superior rectus and inferior ob 
liqoe act sirnultanoously the eve 
moves directly upwards » e , the 
upward moiemcnt caused by each 
muscle js summated while the in 


*ctsoa of the muscles ward moiemcnt and comcal rotation 
r". sapenor nclM are eiattly 

A tnj lopenorsDd compensated by the outward move- 
tafenor recti Oj meat and contrary comeal torsion of 
the mlcnor oblique SimiMytrheu 
the inferior rectus and superior ob* 
lique act simultaneously the eye moies directly down 
wards 


El cry movement of the eyeball is a synkmesis (tide p 5C2) 
In adversion not only does the internal rectus act hut altio 
the superior and infcnor recti and it has been shown that the 
antagonistic muscles are not merely relaxed, but are acliiely 
inhibited In abiersjon the external rectus and both obliques 
are m action In elei'ation the superior rectus acts con 
^nanlly with the mfcnoi oMique In depression the infcnor 
rectus acts with the supenor oblique The mo\ cments already 
desenbed are all around three pnmary axes — ^eftlcal (move 
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raents m and out), coronal (movements up and down) and 
sagittal (torsion) — nhicli piss through the centre of rotation 
Still more complicated are the movements about secondary 
axes t c , axes passing through the centre of rotation in some 
other direction such as movementa up and m up aud out 
doivn and in down and o«t^ 

Not only is there unioculi^ synkinesis under normal cir 
cumstanccs there la always aim binocular synkinesis Ad\ er 
Sion of one eye is accompanied' by abversion of the other eye- 
conjugate denation elevation or depression of one eje is 
always accompanied by elevation or depression respectively of 
the other eye The only exception to this rule is the bilateral 



rto 204 — Diagram of the I nea of action of tbe extrinsic muscles upon 
tbft come® (FUclinig ) R rghteje L left uye, T temporal 
8 dea N nasal s des The dotted ) nes sbov the torsional effects 


adv crsion of the eyes in convergence Elevation of both eyes 
IS accompanied by slight obvetsion (divergence) depression by 
slight adversion (conve^nce) 

The oculomotor or third cranial nerve, supplies all the 
extrinsic muscles except the external rectus and superior 
oblique , it also supplies the sphincter mdis and cibary muscle 
The supenor oblique is supplied by the fourth nerve, and the 
external rectus by the sixth nerve A thorough knowledge of 
the arrangement of the nuclei of the cramal nerves m the 
mid brain and medulla, and of the course and relations of 
the nerves td their destinations, is requisite for accurate 
diagnosis of the seat of the lesion m cases in which they arc 
im oh ed 

The third and fourth nuclei form a lar^e continuous mass of 
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nerve cells situated near the middle line m the floor of the 
aqueduct of Sylnus beneath the corpora quadngenuna or 
colliculi (Figs 293 — 297) The cells nearest the tnidtlle hue 
towards the anterior part of the third nucleus are smaller than 
the others, they, with the cells of the opposite side forman 
unpaired nucleus with two divergent horn lihe processes in 
front (the Fdinger 't^e 5 fphalnucleu 3 )(lig 29J) which probably 
supplies fibres to the cibary muscle {accommodation) and 
sphincter indis (constnc 
tioD of the pupil) It IS 
probable that in the great 
large-celled lateral nucleus 
the levator palpebtco is 
represented most an 
tenorly, then from before 
backwards elevation of 
the eye, advcrsion and 
depression while abver 
sioa IS relented to the 
sixth nucleus, much 
farther back in the me* 
dulla (Fig 299) There 
» little decussation of the 
fibres from the third 
nuclei of the two sides 
la the antenoe part but 
a considerable amount in 
the postenor part 
The fourth ncnc is 
unique among motor 
nencs in having a dorsal 
decussation iNearl^ if 
not quite all the fibres 
decussate m the superior 
medunat) velum and are distributed to the aupenot oblique 
muocle of the opposite side 

The sucth nucleus is m the immediate vicimty of the facial 
(seventh) nucleus (Fi^ 205 208 ) the fibres from winch male 
a large bend around it (Fig 30u) Hence vascular and other 
esions of the sixth nucleus are very liable to be accompanied 
jy facial paralysis orj the same side \ 1 I the fibres of the 
ixtb nerve are distributed to the citcmal rectus of the 
>ame side 

The pecuhanties of distribution o! the fibres from tbe third 
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fourth and sixth nuclei to muscles partly on one side and partly 
on the opposite side of the body show that the nervous 
mechanism of co ordina 
tion of these muscles is 
extremely complex 
A large and important 
tract of nerve fibres, de- 
nved in part from the 
antenor columns of the 
spmal cord, hea below 
and close to the third 
fourth and sixth nuclei 
This IS the posterior 
longitudmal bundle 

{Figs 29G— -298, 301) Fra 206 — Diagram of transverse section 
Fihrp*? niraq it mcsenceplialon at the level of 

j ^ , 3 ' lh« thud oi.*il(l,v.l oil Fig 301) 

and the nuclei under Sapr eg supenor corpus quac&jgemi 
consideration , they pro num A, red nucleus / p 6 mtemsi 
bably have jmpotlont gtoiguljt. body figs extemlgenl 
functions m tbe oo “P"" *»« 

ordination of move 



ments and eqaihbration, 
which ore so mtunatcly 
related with vision 
Among these fibres are 
also some which huh up 
the sixth nucleus of one 
side with the third 
nucleus of the other in 
some such manner as 
depicted in Fzg 301, 
though the exact course 
of the fibres has not 



been definitely proved Fw 207 — Diagram of tranaverso secUon 
These fibres are con- «»• mescneepluibn at the level of 

.1 tbe raorth nueleu {level of 2 Fig 301) 

cemed in conjugate de ^ aqueduct of Sylvius !nf eg (n 

ViatlOD of the eyes to fenor corpU'* quadr gem num pJ b, pos 
one or Other Side Hence tenor kmgituclnal baadle Sun pid 

when one s«th nudeub 
13 destroyed tbe patient 

is unable to turn his eyes to the same side, though the power of 
convergence is ununpured Nuclear sixth nerve paralysis 
therefore causes lois of conjugate deviation of tho eyes to the 
same side, and is very bhely to be oMociated with facial 
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paralysis on tlie same side, whereas peripbcral sixth uerxe 
paral)*sis causes only loss ol power of movement of the same 
eye to the same side. 

The student should tcmV his knowledge of the anatomical 
relations of these and the 
neighbouring cranial 
nm'cs in their course from 
♦he nuclei to their respec- 
tive terminations. 

Orientation. Orienta- 
tion of objects in space 
depends upon their rela- 
tion to the nodal point of 
tho eye, i.e., the position 
of an object is detennmed 

.h. ‘V U"" 

nuplciu(ie«lof 3. Fir 301) plb,pot>. through the object and 

tenor loogitudmsl bonJlc , If. DtiUt't the nodnl point, the spot 

I, ml.. tiii, line 

tom M.. Pr r,. tmt. 

o! the retinal image of the object. Conversely on object is 
said to be projedw along tho line joining tho retinal image 




crith the nodal point Objectne orientation determines the 
relative positions of objects to each other. Subjective oricatn 
ion, or the exact rehtion of the situations of objects 
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I oursclres, is much wore complex, depending upon an 
curate knowledge of the position of the body and of 
le eyes m the body, derived largely from the muscular 
Dse 

Corresponding Points IVhen a distant object is looked at 
le visual axes are practically parallel the object forms an 
cage upon each fovea centralis An object to one side of the 
bject looked at forms its retinal images upon the temporal side 
I one retina and upon the nasal side of the other , these are 
tiled corresponding points Points on the two retime which 
re not corresponding points in this sense of the term are called 
sparate jwnts If an object forms 
s retinal images upon disparate 
emta it will be se^ double (bmoetdar 
iplopia) If the disparity is slight 
lere is a great tendency to move the 
res BO that the images may be fused 
; wnV 6 b notreed timt tie two fovese 
re corresponding points 
When a near object is looked at the 
^ea converge the requisite amount to 
nng the two retmal images of the 
bject upon the two yellow spots 
Binocular Vision IVhen the eyes 
CO normal the individual sees clearly 
itb both eyes the object looked at 
he retmal images of the two eyes ...fn 
re not, however, identical This is relaiion to the nucleus 
bvious when it is remembered that snd the emerging fibres 
lere is a considerable distance be 
irecn the two eyes If the object is 
solid body, ep, a cube, the right 
jro sees a Utile more of the right side 
f tfte object, and mceversd Ibe two images are fused psycho 
igtcally, and it is this fusion of the slightly diverse images, 
ombmed with other facts derived from experience, which 
nables the person to appreciate the solidity of objects The 
sJiwot.vw? objects ID or jjear the line 

f vision 18 still more complex It prol^bly depends upon the 
ict that the images of objects farther or nearer than the object 
xed ate situated at disparate points on the retinas A more 
istant object will produce heteronymous diplopia, a nearer 
omonymous diplopia, as can be shown by expehment The 
iplopia 13 suppressed m actual vision, but it produces & 



of Iho eeTcnth nerve 
Tbe reUiions cannot be 
accurately depicted m 
one plan^ 
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psychologioil impTe^ion tchtcli is ttanslaled into apprecntjon 
of distance It inll suffice if it is well understood that accuracy 
of stereoscopic and topical \i3Jon depends upon go<Kl 'i^ht witli 
both eyes simultaneously 

Conrergence and Acconunedation ^\'hen a distant object 
js obsen ed by an emmetropic person the visual axes are parallel 
and no effort of accommodation is made If a near objtct is 
obs€r% ed the eyes converge upon it and an effort of acconuno 
dation corresponding with the distance of the object is made 
Convergence, can be tested roughly bv makmg the patient fix 
a finger or pencil nhich is 
gradually brought nearer to the 
eyes in the middle line The 
eyes should be able to main 
tarn convergence when the ob- 
ject IS 8 cm (3^ inches) from 
the eyes If outward devia 
tioo of one eye occurs before 
this point IS reached the power 
of convergence is deficient 
There are various methods of 
recording the amount of eon 
V ergence One \ ery conv ement 
method employs the ntcire 
angle as a unit Suppose an 
object to be situated m the 
mraian line between the two 
eyes at a distance of one metre 
from them Then the angle 
Fio 301 — Diagram of tbe «rotw of ’which the line joining the ob 
the fibrw froa lie »ijih ouciftn ject With the Centre of rotation 
wbich *« wet-med in wi»iu-at« of either eye makes with the 

deTutiOQoftheem l‘*3ln^ i , ^ n, 

t.1 on cl F 290-‘*os median line is called one metre 
angle (Fig 302) Vt ith an in 
terpupiUary distance of 60 mm this angle is about 2’ II 
the object is two metres away the angle is approxirnTtely 
half as great, or | m a If the object is 50 cm away the 
angle will be 2 m a Now, the amount of aceomrawfation 
which an emmetropic eye exercises in order to •see ckirly an 
object 1 m away is 1 I), 2 in away 0 5 D 50 cm away 2 D 
&c lienee with an emmetropic person the amount of con- 
vergence reckoned m metre angles is the same as the amount 
of accommodation reckoned la dioptres 
The amount of convergence can also be measured by prisms 
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If an object one metre distant is looked at through a pnsm 
witli the base directed outrsTards placed before one eye, 
c g , the right, it may still be seen as a smgle object (Fig 303)’ 
Now m omer that the object may form its image upon the 
fovea of tbs eye it is necessary that the eye should be turned 
inwards an amoimt corresponding wth the angle of deviation 
of the pnsm {nde p 28) Tbs method, besides afiording a 
method of recording amounts of convergence, also shows that 
the relationship between conveigence and 
accommodation is somewhat elastic In the 
cxpenment described, although the amount 
of accommodation exercisetl remains the 
same, the amount of convergence is altered 
Indeed, if the relationship were qiute nn 
alterable a hypermetropic person would 
mvanably have diplopia, for his accommo 
dation IS always m excess of the corre 
bpondmg value of the amount of conver 
gence exerted by an emmetrope Moreover, 
the power to converge would gradually be 
lost port with loss of accommoda 

tion m advancmg age 
If m the experiment described above the 
nsm IS held before the right eye with its 
ase inwards it will stiU be found possible 
to see the object single (Fig 304) 1 ortber, 
a distant object is still seen smgle under the 
same conditions if the pnsm has only a 
small angle of deviation TTus can only be 
accomplished by active divergence of the 
eyes to an amount corresponding with the 
angle of deviation of the pnsm The powerpjQ —Diagram 
of divergence, which may therefore be con of the metre 
Bidered to be negative convemence, is much Cr, Cl 

less than the power of convergence Just 
as the dmerence in the amount of accommo eye 4 
dation between the far point and the near 
pomt IS colled the amplitude of accommodation so the differ 
ence in convergence between the far point and the near pomt 
IS called the amplitude of convergence ^Vbft^ea8, however, 
negative accommodation, tc, ability to sec n pomt beyond 
inmuty, or in less matheroaticol terras, so to flatten the lens 
that a myope could see clearly without glasses, is irapos 
Bible, negative convergence, as baa been seen, is possible 

IS— a 
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within small limit*? The amplitude of convergence therefore 
consists of a negative portion and a positi%e portion. The 
former is measured by the strongest prism, base inwards, 
which can be borne without producing diplopia in distant 
vision. The latter is measured by the strongest prism, base 




Flos 30}>3l>t — Disgrams of th« action ot niiJocting and aUluehns 
prum*. 0, object of Giation , /./'.left ftn<J ngbt foveao cent rales 

outwards, wldch can be botuc without producing diplopia in 
the nearest possible \nsion 

The convergence synkinesis is so co-ordinated that the 
energy exerted is accurately divided between the tuo internal 
recti Hence it is found that the effect is the same in the 
above experiments whether the prism is placed before only one 
eye, or a pnsm o! hall the strength is placed before each eye. 
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Paralytic and Kinetic Strabismus Synkineses 
Nystagmus 

Strabismus {arpt^m , to turn) or sqwnt is a genenc term 
applied to all those conditions m which the visual axes assume 
a position relative to each other different from that required by 
the physiolo^cal conditions Strabismus may be provisionally 
divided into two great groups (1) those due tolmowu cause ; 
(2) those due tn imknomi cause To the first group belong 
(a) those due to paresis or paralysis of one or more of the 
extrinsic muscles — faralyttc strahsmus, (6) those due to 
irregular activity or over activity of mdividual muscles or 

S of muscles — a sub group which I propose to designate 
sirainsinus To the second group oeloog (a) those 
cases which are characterised by the fact that the visual axes, 
though abnormally directed, retain their relative position in 
all movements of the eyes , they are therefore termed con- 
comlant or comUant strabismus Another sub group of the 
second class is (6) cases m which there is latent eiraoismus or 
heierophona 

Pahalytio Strabismus 

Signs and Symptoms (1) Limitation of Movement In 
paralysis of an ocular muscle the abihty to turn the eye m 
the dKection of the normal action of the muscle is diminished 
or lost In slight paresis the defect m mobility may be so 
small as to escape observation without special tests In all 
positions m which the affected muscle is not brought actively 
into play the visual axes assume their normal relationship 
Limitatjon of movement is tested roughly by fixing tbe 
patient s head and tellmg him to follow the movements of the 
surgeon’s finger Tbe finger should be held vertical m testmg 
honzontal movements, honrontel m testing vertical move- 
ments An accurate record of the movements of each eye can 
be obtained by tal^g the field of fixation The patient is 
seated at the perimeter as for rccordmg tbe field of vision. 
With the head ^ed and tbe other eye screened the patient 
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looks aa far as possible along the arc of the pcnmotcr, test 
types being mo\ ed m from the periphery until he js just able to 
read them. The normal field of fixation js about 50^ dowm- 
\?ards and 45* in all other directions 
AVTien the eyes arc turned m the direction of the normal 
action of the paralysed muscle the affected eye remains 
stationary It deviates therefore relatncly to the other 
eye , this position is called the primary da'\<xliOn (Fig 305) 



FlO 30^ — of pnmer^ devUtion in parrsu of the right extemnl 
rectuii f *og(« of pncMry dcTUttoa > n. n , left tnd ngUl tuvi&l 

The angle of denatioo is the angle which the Ime joining the 
object obsened with the nodal point makes with the Msua] 
line 

If the sound eye is cotcred by a screen, and an attempt is 
made to fix an object so situated that the paralj'sed muscle 
13 brought mto play, it will bo found that the eye behind the 
screen deviates more than the primary deviation of the 
parafj’scd eye For example, if the right external rectus is 
parr ysed and the left eye » coitrcd then on attempting to 
fix an object situated to the right with the right eye the left 
ejv will deviate very inucli to the nght, so much in fact that 
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its line of vision is well to the of the object fixed Hence, 
if the screen is removed Enddenly the left eye sptmg back 
to the left so as to take up fiction This deviation of the 
sound eye la called the secondary deotalton (Fig 306) The 
reason why the secondary deviation is greater than the 
primary is that in conjugate deviation of the eyes the nervous 
energy is equally distributed between the muscles of the two 


O 



Fio 306 — Diagram o! 8cci>ndai7 deviation in paresis of the tight 
external recliw S screen in front of left eje s, angle of secondary 
denatioa 

eyes Now the efiort to take up fixation with the paralysed or 
paresed eye is much greater than normal Consequently the 
sound eye behind the screen moves through a greater distance 
than normal, t e , through a distance correspondmg with the 
excessive effort exerted This feature is of great importance 
because when well marked it distinguishes paralytic squint 
from the concomitant type m which the secondary deviation 
IS equal to the pnmary *' 

(2) The chief complamt of patients with paresis 

of an extrinsic muscle is often that they see double Diplopia 
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occurs only over tliat part of the field of fiiation towards 
which the affected musde or muscles move the eye If both 
eyes are fuuctional and one de^nates, t c , if the nsual axes 
are not parallel in looking at a distant object, or if the amount 
of convergence is not accurately adapts to the position of 
the object in near vision binocular dijwpia results \^’hcn the 
deviation is due to paralysis of one or more extrinsic muscles, 
the eye on the sound aide fixes the object accurately, while 
the other eye deviates Suppose the left eye fixes accurately 
while the right deviates inwards, 
a bnght, sharply defined foveaf 
image js seen with the left eye 
The image formed hy the object 
on the right rctma falUng os it 
does upon the line joining the 
nodal with the object, bes 
to the nasal side of the rctma 
The patient being unconscious 
of the malposition of his eye 
orients the object stibjectn^ 
as if the eye were straight Uo 
laiows from experience that oh 
jocts which form their images 
upon the nasal side of the retina 
are situated to the temporal 
side He therefore projects the 
object with this eye to the right 
of Its actual position This is 
— V, Mvouvu called Acaionymows dip/opia, be- 
Bioos dipTopra / y wrVnd cause the object as seen by the 
nght fores n h lefl and nght fi«ht ejC 13 tO the nght of the 

“ «'■> by Mt ey, 

vere the foTM I < co O {tiff 

It the nght eye deviates out 
words, Aeferonymous or crossed dipfopta results because the 
object as seen with the left eye lies apparently to the tight 
of the object as seen by the right eye (hig SOS) 

In binocular diplopia the image seen by tbe squinting eye 
(false or apparent image) is fess oistmct than that seen by fbe 
fixing ey e (true image), because only in the latter case does the 
image fall upon the fo\ea centrabs The angular disphce- 
meat of the false image is equal to the angle of deviation of 
the eye 

(3) FaUe Ortea/afton It will be aecu from what has 



Fio 30" — D »^is ©( 
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already been said that faisp onentatjon a neecssary accom- 
pamment of binocular diplopia Suppose that a patient 
whose right oiternal rectus is paralpcd shuts his I'^ft eye and 
attempts to fix an object aituatcd towards the right Let 
him now qmeUy stnhe at the object with his extended index 
finder The finger will pass considerably to the right of the 
object This la callcd/awe prelection It depends upon exactly 
the eatue principle os the increase of the secondary deviation 
The object is projected according to the amount of nervous 
energy exerted , as this is greater than that exerted under 
normal circmnstanccs, the ob 
ject IS projected too far in the 
direction of action of the para 
Iped muscle It is essential 
that the finger should be 
directed at the object quickly, 
otherwise the cccoc is noticed 
and compensated for For ex 
ample, u under the same or 
cumstances the patient is told 
to walk towards an object situ 
ated at some distance to the 
nght, be first steps too far to 
the right, then recognises bis 
mistake and corrects it In old 
paralysis the patient may learn 
by experience completely to 
compensate for the deficiency 

(4) Position of Ike 
The patient holds his head so 
that bis face is tamed m the 
direction of action of the para 
lysed muscle For example, w paralysis of the nght external 
rectus the patient keeps his bead turned to the right The 
object of this manmuvra is to abolish the diplopia and its 
attendant unpleasant consequences as much as possible. In 
complex paralysis the position of the head is still such as to 
relievo the diplopia to the maximum extent, the position 
being adopted unconsciously 

'* Ocular lorUcallia ” is a term sometimes applied to tilting of 
the head to compensate defective vertical moi omenta of one cio 
It la distinguished from true torticollis in that there is a simple 
tilting of the head, the chin not being rotate I towards theopfK’nte 
shoulder , moreover, the eteroo mastoid is not unduly contracted 
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It occDrs chiefly in cases of congenital origin— prolablv mal 
insertion of the muscles — but has been met with after interlcrcnce 
•with the pu\le 7 of the aupenor oblique in frontal sinus ojmnitions 
The \ ertical defect is made manifest by placing the head straight, 
when diplopia is also elicited Partial myomeefomj of the 
inferior oblique on the side opposite to the direction of the 
head tilt corrects the deformity in some cases 

(5) Ferti^o, dc Vertigo, leading to nau'*ea, and eien 
\omitmg, IS due partly to diplopia, partly to false pro}ectiou 
It occurs chiefly nhen the paralysi^ muscio is called upon to 
exert itself MTicn the gaze is turned from the region of 
correct to that o! false localisation, objects appear to mo\e 
with increasing velocity m the direction m which the eye is 
monng The unpleasant sjrmptoms arc counteracted par 
tially by altering the position of the head, or completely by 
shutting or coi enng the affected eye 

In paralyses of long standing, false orientation gradually 
ceases (tide supra) Diplopia also fends to disappear or become 
less troublesome , the patient learns to ignore the impros 
sioDs denred from the affected eye Contracture of the 
antagonists of the paralysed muscle gradually sets in, which 
has the effect of tacieaamg the primary denatton Since the 
retinal image is thus thrown farther to the periphery, where 
the sensitiveness is less (ttde p C6), its suppression is 
facilitated 

/nmtiyation 0 / a Case of Ocular Paralifm The patient 
usual!} seehs adince on account of diplopia In some cases 
the nature of the case is obvious immediately from the stra- 
bismus or from the manner in which the head is held In 
most cases these features arotooslightto decide the diagnosis 

(1) The first procedure should be to cover one cyo lu 
order to determine whether the diplopia is unioctilir or 
binocular 

(2) Having decided that the diplopia is binocular the 
patient should fix the surgeon’s Anger, and the field of fixation 
of each eye should be carefully investigated (tide p 567) 
In cases ol complete paralysis o! one or more muscles it may 
be possible to make an accurate diagnosis from the observa- 
tion ot the defective TQovmtmts combined with investigatitm 
of the exact positions of the images of the finger in different 
areas of the field of bmocular fixation In cases of paresis 
the differentiation of the images is too obscure to permit of 
the solution of the problem by this means 

(3) In such cases the diplopia must be investigated by more 
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delicate tests The patient is taken into a dark room A 
red glass is placed before one eye m order to distinguish its 
image A lighted candle or preferably a bar of light through a 
stenopcBic shfc in a hand torch is then moved about m the 
field of binocular filiation »t a distance of at least four feet 
from the patient, the patient’s head being kept stationary 
The positions of tho images ore accurately recorded upon a 
chart With nice squares marked upon it (Fig 309) The 
examination may be earned out by the surgeon turning the 
patient's head in various directions while the candle is kept 
stationary. The following data ate derived from this 
examination — 

(a) The areas of single vision and diplopia , 

(i>) The distance between the two images in the areas of 
diplopia , 

(c) Whether the images are on the same level or not , 

(d) "Whether one image is m 
clmed or both are erect , 

(e) "Whether the diplopia is 
homonymous or crossed 

Theao data, if concordant, 
are auScient to diagnose the 
paralysis. The false image is 
determined by the direction in 
which the images are most 
separated from each other 
This IS the direction of the 
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normal action of the paralysed Fro 300 —Diplopia chart for th# 
muscle The false image can nght exUrMi wetM The oblique 
11^1 line through the chart ahowa the 

often be recognised by being ol the fielda of Bingle vwion 
tho fainter of the two or by and of diplopia The dotted 
bemg tilted , by covenng one show the positions of the 

_ 1. false image m oillerent parte of 

eye it can be shown to which jbe field of diplopia 
eye this image belongs 

It must remembered that these tests are |)utcly sub 
jective In many cases the patients are stupid or their 
intelligence is obscured by mtracramal disease , or con- 
tracture of the antagonistic muscles may have set in Conse 
qviently the answers ore not infrequently discordant, and 
accurate diagnosis may be extremely difficult or impossible 
There are two not infrequent causes of ambiguity The 
paresis may unmask a latent squint {vide p 587), or the 
patient may fix with the paralys^ eye, especially if this eye 
has tho greater acuity of nsion 
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It occurs chiefly in cases of coogcmtsl ongin — prcbablr ntaJ 
insertion of the muscles — bat has bwn met with after interference 
with the pulley of the superior oblique in frontal sinus operations 
The \ertical defect la made manifest by placing the hena Bltaight, 
when diplopia is alao elicited Partial myomectom} of the 
infenor oblique on the «idc opposite to the dirt'Ction of the 
head tilt corrects the deformity in some ca<es 

(5) IVrti^o, <£c Vertigo, leading to nausea, and even 
\omiting, IS due partly to diplopia, partly to false projection 
It occurs chiefly when the paraljrscd muscle w called upon to 
ciert itself A\'hen the gaze is turned from the region of 
correct to that of false localisation, objects appear to mo\e 
with increasing velocity in the direction in which the eye is 
moving The unpleasant symptoms arc counteracted par- 
tially by altering the position of the head, or completely by 
shutting or covering the affected eye 

In paralyses of long standing, false orientation gradually 
ceases (nde supra) Diplopia al«o tends to disappear or become 
Ifi«8 troublesome , the patient learns to ignore the impres 
sioQS derived from the affected eye Contracture of the 
aotagomsts of the paralysed muscle gradually acts in, which 
has the effect of mcreasiog the primary dcnation Since the 
retinal image is thus thrown farther to the periphery, where 
the sensitiveness is less (tide p Cfl), its supprc^ioa is 
facilitated 

/Hi«<j^a/ion of a Case of Octilar Paraltjsts The patient 
usually seehs adnee on account of diplopia In some cases 
the nature of the case is obvious immediately from the stra- 
bismus or from the manner in which the head is held In 
most cases theie features orctooslightto decide the diagnosis 

(1) The first procedure should bo to co'er one eye in 
order to determine whether the diplopia is uniociilar or 
binocular 

(2) Having decided that the diplopia is binocular the 
patient should fix the surgeon’s finger, and the field of fixation 
of each eye should he carefully investigated {ndc p bC7) 
In ca«es of complete paralysis of one or more muscles it maj 
be possible to make an accurate diagnosis from the observa- 
tion of the delectne mawmeats combined nitb latcstipaCron 
of the exact positions of the images of the finger in different 
areas of the field of bmocolor fixation In cases of paresis 
the differentiation of the images is too obscure to permit of 
the solution of the problem by this means 

(3) In such cases the diplopia must be investigated by more 
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delicate tests The patient is taken into a dark toom A 
red glass is placed before one eye m order to distinguish its 
image A lighted candle or preferably a bar of light through a 
stonopOBic sht m a hand tMch is then moved about in the 
field of bmocular fixation at a distance of at least four feet 
from the patient, the patient’s head being kept stationary 
The positions of the images arc accurately recorded upon a 
chart With nine squares marked upon it (Fig 309) The 
cxammation may be carried out by the surgeon turning the 
patient’s head m various directions while the candle is kept 
stationary The following data are derived from this 
examination — 


(o) The areas of single vision and diplopia , 

(6) The distance between the tuo images m the areas of 
diplopia , 

(c) \Vhether the images are on the same level or not , 

(d) Whether one image is in 

clmed or both are erect , Lt 1 — iR 

(«) AVhether the diplopia is t A'* t / 

homonymous or crossed ' / 1 ' 1 

These data, if concordant, j 

are sufEcient to diagnose the -r A * T t 

paralysis The false image is 1 /) i i ^ 

determined by the direction in j 

which the images are most f / t * | ► 

separated from each other 1)1 1 \ 

This IS the direction of the ‘ 1 1- 

normal action of the paralysed Fio 309 — Diplopia chart for the 
muscle The false .mage cau 

often be recognised by being of tho fidda of single visson 
the fainter of the two or by and of diplopia The dotted 
beme tilted , by covering one f™'" •'“5 ol tie 

eye it can be shown to winch oj diplopia 

eyo this image belongs 

It must be remembered that these tests are purely sub 
jective In many cases the patients are stupid or their 
intelligence is obscured by mtracranial disease , or con- 
tracture of the antagonistic muscles may have set in Conse 
quently the answers ate not infrequently discordant, and 
accurate diagnosis may be extremely difficult or impossible 
There are two not infrequent causes of ambiguity The 
paresis may unmask a latent aqumt {vide p 587), or the 
patient may fix with the paralya^ eye, especially if this eye 
has the greater acuity of vision 
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iotalu (w h p 6D9) If only the extnasic muscles are affected 
the condition is called 0 ‘phthalm(}pU^ui exlerna , if only the 
intrinsic (sphincter pupilloi and ciliary muscle) 
tnierna 

Conjugate pnralgsis is the term applied to abolition of certain 

S kineses Thus ability to look up to the right or left, or 

m may be lost Inability to converge may also occur 
Such defects might bo conveniently termed sf/mparahjscs 
Paralysis of the External Rectus There is limitation of 
movement outwards, and the face is turned towards the 
paralysed side Diplopia occurs on looking to the paralysed 
side It 13 homonymous, the images are on the same level, 
and erect, becoming more separated on looking more towards 



Fio Sll>-DipIopi& chart for t{i« 
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Tio 312 — Diptopis chart for the 
r ght third nerve The area 
enclosed by the curved Iioe is 
the area of stagle vision 


the paralysed side The false image is shghtly tilted on looking 
up or doum as well as towards the paralysed side (Fig 3(i9) 

Parahjsts of the Supenor Oblique Ihcre is limitation of 
movement downwards and towards the paralysed side , the 
face 13 turned downwards and towards the sound side Dip 
lopia occurs on looking down (Fig 3U) It is homonymous , 
the false image la lower and its upper end is tilted towards the 
true image The distance between the images and the mclma 
tion of the false image increase on looking down and tourards 
the paralysed side The patient has great difSculty m going 
downstairs, and vertigo is usually a particularly prominent 
symptom 

Parahjsts of the Third Nene In complete paralysis of the 
third nerve there is ptosis, which prevents diplopn On 
raising the lid with the finger the cyo is seen to be deflected 
outwards and somewhat downwards, owmg to the tone of the 
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two unparalysed muscles The pupil is ecnu'dilatcd and 
immobile, and accommodation is paralysed There is a slight 
degree of proptosis, owing to !o«s of tone of the paralysed 
niu«iclc3 There is limitation of mo\ement upivards and 
inwards, to a less degree downwards ^^ltll the lid raised 
there is diplopia, which is crossed, the false image being higher, 
with Its upper end tilted towards the paralvied side (hig 312), 
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t'la 313— 'Third Fourth hiftb >0(1 Sixth Zverres Og Guscrlxn 
ganjjlioD tcA internal carotid •rtcT7 n middle mcnmcval 

artery p cjt posterior cerebral artery , ctxji middle ccrel raJ 
artery npr^f aupenor orbital Cbsuto, teg, roperSor corpn* 
qoadrigetninnm teg inferior corpus quadrigemlnumi txba, 
superior ccmIkIUt artery <4 ccteMlum ttug«oc\\o!ff Ana 
tomy of the Eye and Orbit Lewie London ) 

Paralysis of the third nerve is often incomplete, and indm- 
dual muscles may occasionally be alTectcd alone 
JEUologij Paralysis of ocular muscles may result from a 

cortex to the muscles The site may therefore be mtra- 
cranml or intraorbital Cortical lesions usually cause loss of 
synergic motements, eg, conjugate dcimtions, but simple 
ptosis may be due to such a lesion The diagnosis of nuclear 
and peripheral lesions depends la^ly upon Jenoe ledge of the 
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anatomical relations of the nuclei and nerves It is beyond 
the scope of this work to treat the subject evhaustu ely here 
It ma^ be mentioned that paralysis of the external rectus, 
sometimes bilateral, is common m babies It may be due to 
the use of forceps during delivery, the sixth nerve being most 
exposed to pressure or to maldcvelopment of the nucleus In 
the latter case there is loss of conjugate deviation to the same 



lia 314 — ^Xhini roarth Fifth and 8jsth limes ith ethoiDidal 
cell, fr It frontal nerre Itv p lerstor {lalpebra tvprr sapenor 
teclus focn laciymal nerve oplUAtn ophtb&lmio vem lea, 
latomal carotid artery mm a middle meningeal artery 
grcatanpcrdcial petrosal nerve Uni tentonam <n/ lofutidibaliun , 
anlel anterior clinoid process pf processus falcifortnis (Eugene 
Wolff Anatomy of I-ye and Orbit Lewis London ) 

Bide (wie p 843) and the seventh nerve is nonnal In 
acquired sirfh nuclear paralysis m adults the seventh nerve 
18 usually implicated (tadep In coagemtal paralysis of the 

external rectus contracture of ^e antagonists does not occur 
Other nuclei may be maldeveloped, or they may be picked 
out by the lesions of syphilis, tabes, disseminated sclerosis, or 
pohoencephabtis 

The commonest cause of ocular paralyses is syphilis, which 
may afiect the nerves at their ongin or m any part of their 
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course (ree Section ^ I ) Sjphilitic parallels is usually n late 
manifesi niton The third nene is nffetted most frequently, 
but not neccsjanlj equally in all its brorchc« lobes is 
responsible for a large proportion of the ca«es («<fe p 592) 
Ocular pari.ly«“s of intracrania! origin inav be due to affec- 



Fio 315 — Coarse c! NcTve |»co wrebril trU-ry 

aJr optic tract tof vapenor ortilal Cssiire tcji tntcnul 
caroiic] arterr ji pctroai portion of temporal bone , a 
anterior infenor cerebellar arterv, rrrtJt vertebral artery, ol , 
olive icb^ fopenoreerebenarartety, le^ Infer or cofpu«gu*<W 
ceminim (Eocene Anatomy of tbo Eyo and Otbit," 

Letvis London ) 

tions of the blood vessels — hromorthage, thrombosis, ie —or 
to external pre«5sure — tnmoum Woodclots, periostitis, Ac 
Other cau'es are diphtheria, diabetes and other tone 
conditions injury, Ac Taxalpis ol both extnnaic and in* 
tnnsic ocular muscles is a common and early feature m 
encephalitis lethargica Panlvsis especially of the external 
rectus, sometimes follotvs spinal anaesthesia vitb stovam , the 
onset IS rapid, and reco\ery usually takes many weeks 
Ophthalmoplegic migraine » a rate cause (tide p 412) 
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Paralysis of the external recti is common in cases of intra- 
cranial tumours with high intracranial pressure, and generally 
has no localising value. It may be due to traction on the 
nerves as they bend over the apex of the petrous portion of the 
temporal bone (Wolff, Figs. 316, 316), or to pressure by the 
anterior inferior cerebellar and intemal auditory arteries, which 
cross them atxightanglesand often he ventral to them (Pjg. 330) 
— the nerves arc strangulated between, the vessels and the 
cedematous and swollen pons (Cushing). This may also 
account for the spmal anscsthetic cases, and for ophthalmoplegic 
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anterior and posterior ciinoid procce-^es , i e.a , interna] carotid 
artery ; i an tn , internal auditory meatus , jvg f , jugular foramen. 
(Eugtnc tVoJff '■ Anatomy of the Eye and Orbit '* Lewis, London ) 

migraine, the third nerve passing between the superior cerebellar 
and the posterior cerebral artencs. 

Injury to and disease of the orbit may affect the nerves 
of muscles in this situation by rupture, pressure, inflam- 
mation, &c. 

The prognosis varies with the cause. Ocular paralyses are 
so often early signs ol grave nervous cfisease t'nat ffie prognosis 
should always be guarded. Those due to peripheral disease, 
dependent upon syphilis or “rheumatism,” may speedily 
recover. Long-standing cases rarely recover. 

jTreafmcnf. Syphilitic cases should be treated by mercu^ 
and increasing doses of iodides, and this treatment should be 
applied to all doubtful cases. N.A.B. should be tried in 
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intractable cases Some cases jmpro\e on salicvHtc^, or 
colcliicum and iodides DiapLoresis maj' be nsod The con 
stant current is chieflr useful m keeping up tbe metaboli‘'m o! 
the muscles until innervation is rc-«stabU«hed It probably 
has little therapeutic influence upon the parslysetl nerve 

Occasionally symptomatic treatment affords relief to the 
patient The diplopia may sometimes be rebeied *iuitab!e 
pnsms but this treatment is rarely of much use omng to the 
variation in the amount of the deviation m different positions 
of the eyes Occasionally good is done by cxcrcismg the v?eak 
muscle vcith strong pnsras (tide p S'V) In old cases an opera 
tion may be indicated usually tenotomy of the antagonist mth 
advancement of the paralysed muscle thus putting the affected 
muscle under better mechanical conditions It is only suitable 
for paretic not paralytic ca*^ and should never be adopted 
until all other means have failed It is thecefote «cldom 
indicated 

If diplopia IS vcr> troubIe«ome and cannot be relieved by 
the means suggeste<l spectacles should be ordered inth a 
ground gla^ m front of the affected eve 

Ki'cmc SnuBisMvs 

Aberrant forms of strabismus occur as the result of imtatii e 
intTacramal lesions and are due not to paralysis but to 
irregular action or over action of certain muscles caused by 
unequal stimulation of the nerve centres or nerves Such 
squmts are common in memngitis and lesions of the imd brain 
or cerebellum, such os tumours (glioma tubercle gumma Ac ) 
The occurrence of the squint only during epileptiform fits or its 
irrcgulanty of type may render the diagnosis from paralytic 
squint easy especially when there arc other prominent symp 
toms of cerebral imtation. In other cases e peaally in the 
early stages of the disease the diagnosis from paralytic or con 
comitant squmt may be extremely difficult 

SVNKINESrS 

The eitnnsjc muscles take part in many normal and pstl o 
logical synUneses When the eyes look up the levatorcs palpc 
brarum raise the lids and in extreme upward njorements the 
frontales also contract In congenital ptosis (e c ) upward move- 
ment o! the eves js often defective. On looking down the lid 
follows the globe In exophthalmic goitre the Dd follows tard ly 
or not at all (von Graefe s sign) in total facial paralysis tie Ld 
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follows the globe on looking down^ though the eye cannot be 
closed voluntarily On closing the eyes, os in sleep, the eyes 
generally turn upwards and ontwards The same movement of 
the eyes occurs on attempted closure m total facial paralysis On 
the other hand, the eye sometimes closes m total seventh nerve 
paralysis on synergic activity of other facial muscles, as m 
laughing The so called “ jaw winking “ synkinesis is particularly 
Btnkmg In these rate cases one levator palpebta is thrown into 
activity during eating, and sometimes on reading aloud The hd 
movement is usually specially associated with lateral movements 
of the jaw, due to action of the pterygoid muscles, which are 
innervated by the fifth nerve In most cases, but not all, there is 
slight ptosia of the affected lid and in cases with congenital ptosis 
the synkinesis occurs on sucking Allied to the jaw winking 
cases are others m which spasmodic lid movements occur on 
lateral deviation of the eyes The convergence pupillary synkinesis 
has already been mentioned toitmay be added the contraction of 
the pupil on forced closure of the lids In rate cases spontaneous 
rhythmical variations m the sire of the pupil are accompanied by 
ocular or bd movements. They are usually aasocisted with con 
genital or early mfautile paresis of the third nerve The pupil 
contracts rapidly to about 2 mm diameter, then after &<->10 
Seconds dilates slowly to 6~7 mm , contractiug again after 15'>20 
seconds Contraction is hastened by action of the internal 
rectus, dilatation by action of the external rectus The move 
menta ate accompanied by spasm and relaxation of the ciliary 
muscle 

Nystagmus 

Nystagmus {ivara^ui, to nod) is the term, applied to 
rapid oscillatory movements of the eyes, mdependent of the 
normal movements, which are not affected The oscillations 
are mvoluntary, though in rare cases normal persons can 
imitate them They are usually lateral, but vertical, rotatory 
and mixed rotatory and lateral or vertical nystagmus are not 
uncommon The condition is almost always bilateral, though 
tho movements may be much more marked in one eye than 
the other In such cases it may be necessary to examine the 
ejve ve:pr carefully with the ojobthalmoscope /corneal reflex, 
retinal vessels, &c) before tlic presence of n)stagmu3 can 
be demonstrated Unilateral nystagmus does occur, but it is 
probable that many of the cases described are really bilateral 

Nystagmoid jerba, i e , larger riiythnuo jerking movements, 
most pronounced at the extreme bmits of the normal move 
ments of the eyes, should be distmgmsbed from true 
nystagmus They are not uncommon m normal people 
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under certam conditions— fatigue, railway travellmc Ac The 
fundamental cause is probably quite different from that of true 
nystagmus, though fc«th ma^ occur together 
Nystagmus may be congemtal or earlv infantile, or it may be 
acqmred These t^o groups of cases should also be carefully 
distinguished on account of their different pathological founda 
tion. Congemtal and earl> infantile nystagmus, i e , nystag- 
mus dating from birth or within a few weeks of birth, occurs in 
congenitally malformed eyes, in albinism and in eyes with 
congemtal or early develop^ opacities of the media, e g , 
leucoma or antenor polar cataract due to ophthalmia noona 
torum {q v ) macular changes, Ac The cause m these cases is 
inability to develop normal fixation Fixation is developed 
during the first few weeks of b/e, the e} cs being mo% ed aimlessly 
and independently before it is acquired Any cause seriously 
diminis hing the acuity of macular snsion occurring at this 
penod is liable to giv e nse to nystagmus , if the eye is blind, 
nptagmus is not developed xlyslagmus is present in roost 
cases of total colour blindness (j r ) in which vision is earned out 
by the rods alone, and there is therefore a central scotoma In 
some congemtal cases it is impossible to discover any cause 
In a few such coses ancestors or relations have been albinos 
Nystagmus may be acquired in infancy after the penod at 
which fiction IS deieoped This form occurs m gpamus 
nu/ans, in which it is associated iiith nodding movements of 
the head It occurs in the first year of life The nodding of 
the head may be antero-postenor (alfinnat on), lateral (nega 
tion), or rotatory It develops some weeks before the nystag 
mus, ceases during sleep, and disappears before the nystagmus 
The nystagmus is aeiy fine and rapid and may be vertical, 
rotatory, or lateral (t is generally more marked wi one eye 
The whole syroptoro-complex disappears in time — one of the 
few cases m which nystagmus di^ppears spontaneously The 
nystagmus may disappear in one eye before the other , such 
cases may be mistaken for true unilateral nystagmus In rare 
cases head nodding with nystagmus la congenital and heredi- 
tary, and in the«e cases persists throughout life (Hancock) 
^ptagmus m adults occurs in disseminated 'cleroais di«easc 
ol the cerebellum and vestibular tracts, and of the semicircular 
canals (e g , occasionally on synnging the ears) Fnedn-ich’s 
ataxia, Ac In disseminated eclerosis the movements arc 
generally honrontal end are elicited in the early stages only lu 
extreme lateral positions of the eyes Cerebellar irritative 
lesions cause coarse nptagmns towards the side of the lesion 
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and fine nystagmus to the opposite side Some of these ca*ies 
show analogy with hippus (wde p 61), anil IiLc it are probably 
dependent upon the rhythmic activity of nerve centres 
‘Nystagmus may also occur m adults as an “ occupation 
neurosis," the commonest form being coal mmers' nystagmus 
{vtde v/fra) 

In congenital and early infantile nystagmus the patient is 
wholly unconscious of the movements, since objects do not 
appear to move Vision is usually defective in spite of correc 
tion of errors of refraction which generally accompany the 
defect In some cases of acquired nystagmus m adults objects 
appear to move 

The prognosis is good in spasmus nutans and in miners* 
nystagmus if the occupation is changed, though recovery is 
slow In all other cases it is bad, though it tends to dimmish 
with advancing years Treatment is therefore palliative, 
consisting m correction of refraction, wearing smoked glasses 
m albinism, and treating any disease which may be present 

Labyrinthine Njrstagmus occurs m disease of the mternal cor 
in wliicli the semicircular canals ate involved, and can be produced 
m normal subjects hy rotation m a specially desimed chair or by 
passing a galvanic ciurcnt through the head The nystagmus la 
rhythmic, with a rapid and a slow component, is bimter&l, and 
fionsontal oc rotitory, but varies accoraing to the semicircular 
cans] stimulated Either pair of aemicircuhr canals can be 
stimulated by rotatioa with the head in a suitable position 
Destruction of one labyrinth cau'es rhythmic nystagmus towards 
the opposite side, which ceases if the other labyrinth is destroyed 

Miners’ Nystagmus occurs chiefly in those who have worked 
long at the coal face The patient complains of defective vision 
which IS worse at night heudacbe, giddiness, photophobia, 
dancing of lights and movements of objects The nystagmus is 
essentially rotatory and very rapid , jq latent cases it is elicited 
by fixing the head and making the patient look up In severe 
cases the lids are neatly dosed and the head la held backwards 
there is tremor of the head and eyebrows The disease is bis 
times as common in pits which use safety lamps as compared 
with those that use naked Irghte, and varies inversely vntb the 
iliumination (Llewellyn) Continual looking upward at work 
13 only a contributory cause, other such causes being ill healtb, 
accidents, errors of refraction subnormal pigmentation A.c 
Scotopia, or vision in a dull light, is earned out almost entirely 
bv the rods Under these citcumstances visual acuity is greatest 
10° — 15® outside the fovea and there is a physiological central 
scotoma There is great difiicalty in keeping up fixation and 
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the evidence is strongly id favoar of the view that low illumination 
IS the essential mtiological factor in miners’ nystagrons Improve- 
ment in nuntis’ lamps and m the l^hting of mines wonld probably 
eUmmate the disease, which is a cause of enormoos ecoaoouc loss 
m compensations, dc There is, however, a large psycboneurotio 
factor m all cases 



CIUPTER XXVIII 
Concomitant Strabumus Heterophoria 
Congenital Defects 

Concomitant Strabissius 

In concomitant strabismus tbe visual axes, though abnor- 
mally directed, retain their abnormal relation to each other m 
all movements of the eyes It differs therefore m this respect 
from paralytic strabismus, m 
wbch the relationship of the 
visual axes to each other 
changes vnth every mo^ement 
of the eyes in the direction of 
action of the paralysed muscle 
or m the resultant direction of 
action of the paralysed muscles 
’when more than one is affected 
The secondary demtionm con 
comitant squint is equal to the 
primary deviation, a fact which 
demonstrates the absence of 
paralysis (Figs 317, 318) The 
deviaticm of the visual axes 
may be convergent or diver 
gent, the former being the 
more common 

In every case m which the 
direction of the visual axes is 317 —Diagram of pnmaiy 
aberrant paralytic strabismus « concomitant conver. 

mmt &J be'^el.mmated by 

testing the movements of the eyes m all directions wth the 
finger If they are found to be normaf and there is no com 
plamt of diplopia, it may be concluded that there is no para 
lysis It does not follow that there is concomitant squint 
The comergence or divergence of the axes may be only 
apparent A marked appearance of coniergent squint is 
sometimes seen in myopic eyes, of divergent squint in hyper- 
metropic eyes It will be olwervcd later that true concomitant 
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convergent squint is most commonly associated uith hj'pcr 
metropis, divergent mth myopia, t e , the opposite of apparent 
strabismus 

Apparent strabismus is due to the fact that the visual avis of 
the eye is very xarely coinadent vnth the optic avis {Fig 319) 
The optic axis, % e , the avis upon which the cornea and lens ore 
centred, passes through the centre of rotation of the eye and 
approximately through the centre of the pupil The %nsual 
axis passes through the nodal pomt and the fovea centralis, 
thus crossing the optic axis 
and making a small angle 
with It This angle is very 
nearly equal to an angle 
which IS called the angle 
gammi , it is commonly 
spoken of clmically as the 
angle y In the emmetropic 
eye the angle 7 is said to 
be positive, t e , the optic 
axis cuts the retina mtemal 
to the fovea centralis In 
hypermetropic eyes the angle 
7 is also positive but greater 
than in emmetropia In 
myopia the angle 7 is absent 
or negative, t e , the visual 
axis and the optic axis co- 
iDCide or the latter cuts the 
Fig 318 — Diagracn of secondary retina external to the fovea 
den&ttoQ la concossuKuit conTti 
gent atwbuinus centralis 

Now, neither of these lines 
can be seen and the direction of the line of vision is judged by 
the position of the pupil Hence the greater the sise of a 
positive angle 7 the more the eye will appear to look out 
wards If the angle 7 is negative the eye will appear to 
look mwards Therefore m high hTpermetropia there will be 
an apparent divergent squint, m high myopia an apparent 
convergent squint The latter is the more stnkiug because 
the emmetropic eye usually has a positn e angle 7 of 5", thus 
producing an apparent divergence of 10 ®, which howei er, we 
are accustomed to regard as the normal position of the eyes. 

Having decided that the case is not one of paralytic stra 
bismus it IS Tiece<!sarv next to show that it IS real not merely 
apparent This is easily done as follows The patient is told 
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to fix the surgeon’s index fing^, trhich 
IS held up at least two feet iirom the 
eyes If it is held closer, as is too often 
done, normal convergence will vitiate 
the result The surgeon’s left hand or 
a screen is held in front of the patient’s 
right eye , the left eye vnll now be 
accurately fixing the finger The screen 
IS then moved so as to cover the left eye, 
fixation being now taken up by the right 
eye If the right eye moves inwards 
or outwards at the moment when it 
takes up fixation there is a true eqmnt , 
li it remains absolutely motionless the 
sqomt is apparent only 
Having now eliminated both pars 
Ijdiic and apparent strabismus, it is 
almost certain that the case is one of 
true concomitant squint (see, however, 
p 681) In concomitant squint one 
eye mamtaina fixation while the other 
IS adverted or abverted If m the test 
lUBt described the fixing eye is covered 
by the screen, the deviating eye gene 
rally moves outwards or inwards through 
an an^le equivalent to the angle of the 
deviation m order to take up fixation 
At the same time the eye behind the 
screen moves inwards or outwards 
through exactly the same angle (secon 
dary deviation) If now the screen is 
removed it wiU generally bo found that 
fixation immediately reverts to the first 
eye Such a case is usually termed one 
of unilateral sirabtsmue In some cases 
fixation IS still retained by the second 
If it IS so retained for a con* 
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strabismos a b optie 
axis upon wbich the 
rttraclive surlacrs axe 
ceatrsd , /, Joraa cen 
trahj, f) cods) pout, 
c, eentn oi rotation 
0 point of fixation 
Oe, iue of fixation, 
0 n/, Ime of TUton 
Oct angle 7 It is 
practically equal to 
0 n 6 wlueh can be 
measured In actual 
practice the guide to 
ab iS taken from tho 
centra of tbe pupi ] , 
ab does not usually 
pftBs accurately 
through the centre of 
the pupil, EQ that the 
result IS always only 
The 
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blinks several times, the squint is said aide m hypermetropia 
to be alternating Inquiry will then and emmetropis 
generally elicit the &ct that the patient 
sometimes squints with one eye sometimes with the other 
indeed, this may be noticed while wotchmg the patient 
Usually an object towards the nght in the field of vision will 
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be fised Trith tbe ngbt eye, m the left of the field by the left 
eye Occasionally patients with alternating atrabismus can 
fix with either eye volontanly, but nsnally they are uncon- 
«:cious which eye is fixing Concomitant sgnmt may be 
constant, or occur only at mtenals — pcnodic 

It has been mentioned that when the fixmg eye js covered 
with the screen the deviating eye usually moves so as to tahe 
up fixation In unilateral squmts of long standing this eye 
may remain motionless and can only be moved mto tbe primary 
position by moving tbe finger, a condition which is called 
eccentnc fitation {vtde p 571) Smce it occurs only with 
marked deviation of long standmg there is generally no diffi 
culty m distmguishing it from apparent sqmnt 
In perfonmng the preliminary test to elunmate paralytic 
strabismus it often be found that in true concomitant 
sqmnt with considerable deviation the eyes do not move as 
much as usual m the direction opposite to that of the deviation. 
Thus, m convergent sqmnt it may be very difficult to get the 
eyes to move outwards as much as normal, » e , so that the mar 

S a of the cornea lies under tbe external canthns Similarly m 
vezgent squmt it may be ve^ difficult to get the eyes to 
move mwards as much as oormal, t e , so that the morgm of the 
cornea is well covered by the internal canthus This defective 
movement is commonly attnbuted to “ insufficient *’ of the 
external or mtemal recti respectively In convergent stm 
bismus it IS probably due, not to any defect m the external 
rectus or its innervation, but to the fact that, fixation bemg 
dependent upon one eye, there is httle stimulus to outward 
movement as soon as the pomt of fixation has passed beyond 
the field of fixation of this eye, » e , as soon as the nose cuts off 
vision of the finger In many such cases the eye will move 
out completely if the finger is moved rapidly In very young 
children it is better to taro tbe child’s head in the opposite 
direction in which case cunosity stimulates the child to keep 
np fixation In divergent strabismus defective inward move- 
ment 13 sometimes due to mecbamcal causes, viz , the size of 
the myopic eye {inde p 581) 

It has already been mentioned that m concomitant strabis 
mus there is no diplopia It may be present m the eaibest 
stages, but is invanably ab^nt in tbe later This is due to 
psychological suppression of the image of the squinting eye 
In most cases suppre^ion is aided by actual defect, usually 
ametropia, m this eye, but such is not the complete explanation, 
since suppression of the una^ of the squinting eve is also the 
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rule U3 altornatiDg squint, in tvlueli both eyes are frequently 
quite normal or have the same degree of ametropia Suppres 
eioa 13 doubtless aided m oH cases by the penpheral situation 
of the image m the sqmntmg eye, but there is no doubt that the 
seat of suppresaion is really m the biam , that is, in the mter- 
pretation of the stimuli reaching the bram from the eyes those 
derived from the squmtmg eye are unwittmgly neglected The 
abihty to exclude the impulws denved from the squinting eye 
18 an important point in attemptmg to arrive at the rationale of 
concomitant strabismus It follows from this fact that people 
with convergent squint have only uniocular vision, or, at most, 
very imperfect binocular vision 

Except m alternating strabismus the nsion of the squmtmg 
eye is neatly always defective, which is partly due in most 
cases to errors of refraction In convergent strabismus the 
eyes are nearly always hypermetropic, with or without astig 
matism, and often the sqmnting eye has greater ametropia 
There can be little doubt that some such inherent defect may 
determine which eye will deviate, though it is probably never 
the fundamental cause of the squmt 

The vision in the squinting eye is often defective beyond any 
explanation derived from objective defects— ametropia, 4.C 
In some such cases there is reason to believe that the defective 
vision dates from birth — co«^cnt/aZ amblyopia In all unihteral 
squints of long standmg, very defective vision m the squinting 
eye is the rule It is commonly attributed to the prolonged 
suppression of the images derived from this e) e, and is hence 
called omhfyopwi ex anopsxS This explanation is not alto 
gether satisfactory, smee cases are %vcll laio'sTi in which vision 
has been excluded for many years by congenital cataract, jet 
IS quite good after successful operation The vision m the 
amblyopic eye is often reduced to 6/60, and may be reduced to 
countmg fingers Cases of recovery of sight after loss of the 
fixing eye have been recorded, but unfortunately this result 
certainly does not mvanably foUow The visual acuity may be 
greater in the false position than when the retinal image falls 
ujion the fovea (eccentric fixation with ‘‘false macula,' 
abnormal retmal correspondence) This results m “ false 
projection,” or all power of fixation may be lost by the 
amblyopic eye 

It has already been mentioned that the gross movements of 
the eyes are nearly or quite perfect m concomitant strabismus 
This apphes equally to dynamic convergence and accommoda 
tion The eyes start in an abnormal position, and normal 
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movemeata ate superposed Tlius m fizmg a new object, tbe 
normal amount of dynamic conTergence is superposed upon the 
abnormal static convergence or divergence 
Concomitant strabismus always commences in childhood, 
generally m infancy It may become manifest after a fnght, 
an attack of whoopmg cough, measles or other debilitating 
lUuess, and is often popularly attributed to some such cause 
It must be carefully distmguished from the squmtmg which 
normally occurs during the first few weeks of life, before fixa 
tion IS developed (ndc p 564), this is not concomitant Many 
importantfactorsmthe aetiology of concomitant strabismus are 
known and a proper appreciation of them is essential to rational 
treatment Iso theory of the fundamental causation which 
has yet been advanced satisfactorily explains the condition 
Attention was early drawn by Bonders to the common asso- 
ciation of convergent strabismus with hypennetropia He 
explamed the relationship by the fact of the normal association 
of convergence and accommodation {nde p 546) Hyper* 
metropes nave to exercise ao e0cirt of accommodation to see 
distant objects, still more to see near objects The effort of 
accommodation is associated in the normal person with a corre 
sponding effort of convergence If this rule be supposed to hold 
good for hypermetropes, tbe strong accommodation may bo 
regarded as mcitmg an effort of convergence which is ezcesaive 
for the actual pomt of fixation The hypermetrope is therefore 
xn a dilemma He must either converge accurately for the 
object, m which case he will not accommodate sufficientlv to 
see it clearly or he must accommodate accurately for it, in 
which case he will converge too much This will cause bomony 
mous diplopia, unless he is able to suppress the image of one 
eye, which is exactly what the patient with convergent 
strabismus does Regarding divergence as negative con\erg 
ence, the association oi divergent strabismus with myopia is 
explained by the same theory 

There is no question that this factor is one of great import 
ance, as is shown by the cure of some cases of squmt by suit- 
able correcting glasses It is not, however, the fundamental 
cause of squmt, for if it were (1) all uncorrected hypermetropes 
would have to squint , (2) there would be ametropia in all 
cases of concomitant strabismus The latter corolla^ is 
found to be false, for convergent attabtsmus, other than 
apparent strabismus is occasionally found to be associated 
with myopia, and m alternating strabismus there is often little 
or no ametropia 
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In spite of these facta the great importance of the association 
between accommodation and flsation must be strongly insisted 
upon Convergent strabismus most frequently develops be 
tween the ages of two and sis, t e , just at the period when 
the fixation of near objects throws a strain upon accommoda 
tion It la often periodic at this stage, and noticed only 
when neat objects are looked at Moreover, there is an 
undoubted tendency for the deviation in all cases of convergent 
strabismus to dimimsh with age, le, with the diminution 
of accommodation The relative mftequency of convergent 
squint in adults, compared with its frequency m children, 
cannot be explained solely by the fact that many cases undergo 
successful treatment It may be remarked that the amblyopia 
persists in the formerly squinting eye hence m every case 
in which satisfactory objective evidence of the cause of 
defective vision m one eye cannot be discovered, the patient 
should be asked if be ever squinted 

As already mentioned, greater ametropia in one eye, 
opaohes in the refracting media, intraocular disease, and so 
on, are never the fundamental cause of strabismus, though 
they may determine the particular eye which loses fixation 
This IS especially the case when concomitant squint is preceded 
by latent squint {qv) It is easy to understand that when 
there is disturbance of muscular equihbnum which can only 
be overcome by special effort, any slight defect in one eye 
may determme the development of a manifest squmt 

The application of Dondere’ theory to divergent strabismus 
associated with myopia has been mentioned Here, emce 
near objects are seen with little or no accommodation, the 
impulse to conv ergence is too weak Smee infants are rarely 
myopic, this form of divergent squint does not develop m early 
childhood There are other factors besides deficient accom- 
modation which tend to produce divergence m myopia One 
IS the mechanical conditions of the myopic eyeball, which, 
being abnormally large and long, adapts itself to the axis of 
the orbit Further, the internal recti act under mechanical 
disadvantage from the same cause Moreover, in vei^ hij;h 
myopia the far point of the eye is so close to it that it is 
impossible for convergence to be effectual~it becomes impos 
sible to see the object with both eyes at the some time The 
better eye is then used and the other is allowed to take up the 
position of rest, which la usually one of dn ergence Such a 
strabismus may remain periodic for near work only for many 
years , in other cases it becomes constant 
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Spontaneous cure rarely if ever occurs m divergent stra* 
bismus, which tends to increase with age 
The deviation m convei^nt sgmnt is not always quite 
honzontal in many cas^ eye deviates upwards as u ell as 

inwards In some cases the deviation is still more unusual, 
and the movements of the eye are quite abnormal In most of 
these cases there is a congcmtal msl insertion or defective 
development of one or more of the extrinsic muscles and the 
squint dates from birth {vide p 586) 

Concomitant strabismus has proved a fertile field for con- 
jecture There ate several points bearmg upon the subject 
which are obscure, such as the development of fixation and of 
binocular vision, the occurrence of congemtal amblyopia, and 
of amblyopia ex anopsia, and so on Many theories relating 
to these points have been stated and restated so frequently 
that they are accepted as facts In reality, many are not 
susceptible of demonstration, and none have been proved 
The theorist on strabismus accepts the ‘ facts ” which fit his 
theory, and rejects the remainder 
The prevailing theory at the present time is that strabismus 
IS due to defect of the fusion faculty, or the capacity of com- 
bming psychologically the impressions derived from the two 
eyes Some authors go so far as to hypothesise a ' fusion 
centre ’ in the brain No one will deny that the fusion of the 
images denved from the two eyes in binocular vision is a mental 
though unwitting act, and that it has a physical basis This 
physical basis is a set of accurately 

^ CO ordmated nerve impulses Bino- 

colar vision, then, depends upon the 
accuracy of co ordination of these 
impulses, and this is a function of 
the nerve complex as a whole, not 
of any particular * centre *’ It is ; 
indeed possible that the strabismus 
Fio 320 — Diagram of tiie IS caus^ by mco ordination of the 
portion of the cornea) afferent impulses upon which bino 
MglLftbeBq^ * cular vision depends, though this 
advances the true setiology of the 
disease but little It is just as probable that the mco ordina- 
tion or deficiency of the afferent impuisea is a result of the 
strabismus, which is itself doe to some other cause , or both 
may be due to a common cause 
In every case of concomitant strabismus the angle of the 
deviation should be measured, so that the mode of treatment 
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may be determined and its effects accurately gauged A rough 
indication of the angle of the squmt can be obtained from the 
position of the corneal reflex irnen light is throTrn mto the eye 
with the ophthalmoscopic mirror (Fig 320) The bght is 
thrown in from a distance of about two feet, and the patient is 
to d to look at the mirror , an in^nt does this reflexly In the 
fixm^ eye the comeal reflex will be in the centre of the pupil, 
or slightly to the inner side if there is a large angle 7, to the 
outer side if there la a iiegati\e angle 7 The light is then 
turned on to the squinting eye If the reflex is about half way 
between the centre of the pupil 
and the comeal matgm, there 
js a deviation of about 20* , if 
it is at the comeal matgm, 
about 45* This test 13 only a 
rough one 

The best test m chiidren 
IS with Pnestley Smith’s tape 
(Fig 321) It consists of a tape 
1 metre or CO cm long, with a 
nog at each end To one nng 
a second tape is attached, 
having a tangent scale upon it 
The graduations are, of course, 
different, accoidmg to the 
length of the first tape At 
the other end of the tangent 
tape IS a small weight The 
measurement is earned out 
in the dark room The free 
ting IS held by the patient or 
an assistant on the cheek 
immediately below the fixing 
eye The surgeon passes one 
finger of the hand, which pm 
also holds his ophthatmo 
scone, through the other nng, 
and keeps the tape taut 
With his disengaged hand he 
holds the tangent tape at 
nght angles to the distance 
tape, at the same time hold 



'Diagram of Pnestley 
a tape for measunng the 
angle of squmt R nght eye with 
lateraal aquint L, left eye , 0, 
ophthalmoacope , 0 F, graduated 
tape , F, fixation point (observer s 
finger) , W, wei^t The angle 
measured u 0 L F, which u equal 
to O R R V the angle of the squint 


mg Up the index finger’as an object of fixation The light 
from the ophthalmoscope is thrown into the squinting eye, 
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and the patient is told to look at the fixation finger This 
IS moved along the tangent tape until the corneal reflex 
13 m the centre of the pupil The angle of the squint is 
then read oO on the tape The direction m which the 
tangent tape is held, whether to the surgeon’s right or 
left, depends, of course, upon the side of the squinting 
eye and the nature of the squint, whether convergent 
or divergent This test is the test yet dcv’ised for small 
children 

The angle of deviation can also be measured with the pen- 
meter (Fig 322) The squinting eye is placed at the centre 
of the arc and the patient fixes an object six metres away, 
situated slightly over the position of the ordinary fixation 
spot of the penmeter The arc of the penmeter is turned to 
the horizontal position on the side towards which the squinting 
eye is directed The surgeon passes a candle flame along 
the arc until the corneal reflex is in the centre of the cornea 
of the squmtiDg eye He then reads off the angle of the 
squint on the arc If extreme accuracy is desired, the angle 
7 should be measured and allowed for It is done by covering 
the sound eye and making the patient fix the fixation spot 
of the perimeter with the squmting eye The candle flame is 
again earned along the arc until toe corneal reflex is again m 
the centre of the cor- 
0 nea The angle 7 is 

/ read off on the arc 

/ The method is not 

/ suitable for children, 

I and can only be cm- 

— ^ ployed with intelligent 

I adults One objection 

to it 13 the tendency 
/ \ / \ to fix the ordinary 

/ \ \ fixation spot of the 

/ /\ \ perimeter instead of a 

/ / \ \ distant spot m the 

CZ) ® same line of vision If 

this mistake is made 
Fio 322— MfMunMnentoftbe«^le«rf*9ttiot ewors arise, more par- 
by the penmettr ticularly because the 

amount of dynamic 
convergence exerted in these cases is not always the same as 
with normal eyes 

The angle of deviation can also be conveniently measured 
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on a tangent scale set against the wall the corneal reflex of a 
candle flame being ogam used as a guide 

Treatment The routine treatment of a case of concomitant 
convergent strabismus in a child is a& follows — 

(1) Prdminary Kecord the distant vision of each eye if 
the child IS not too young the angle of the deviation 5.c 
Order ung atropmie 1 per cent three times a day for at least 
four days At the end of this period cstim ito the error of 
refraction by tetmoscopy and confirm the result subjectively 
if possible reliance should be placed on the rctinoscopj 
rather than on subjective tests Again measure the angle of 
the squint which is likely to be less tinder atropine than 
without a mydriatic Ortlcr the full correction for constant 
use A smaller correction for the effect of atropme should be 
made than m hypermetropia without sqmnt If the error is 
considerable I usnallv subtiact only 0 5 D for atropine mstead 
of 1 D , zf the error is small I order the full atropine correction 
to start with Great care must be taken to correct all astig 
matisra especially m the squinting eye The patient should 
be re esamined m a month s time 

If the child la less than two years old I do not order glasses 
except in rare coses Some surgeons onler them in all coses. 
I prefer to eliminate accommodation by keeping both eyes 
under the mfluence of atropme the 1 per cent ointment need 
be applied only once a day The child should be examined at 
tegular intervals until it is considered advisable to order 
glasses 

(2) Occhtsion of the Fntny Eye After the glasses have betn 
used constantly for a month the child is again examined The 
vision IS tested and the angle of the squmt ogam measured 
The treatment now depends upon the condition of the vision 
m the squintmg eye If as is usually the case this eye is 
amblyopic an effort should be made to improve the vision m 
It by continual exercise In order that this eye may be used 
the other must bo prevented from Bceing or at any rate from 
seeing clearly Partial occlusion may be done by placing a 
pad of cotton v. ool under the gloss m front of the fixing eye 
for a certain period e g \ — 1 hour three or four times a day 
This method is liable to be mglcctcd or earned out inefficiently 
A better method is to order the instillation of atropme into 
the f^ng eye only once a day This eye will then generally 
be used only for distant vision the squinting eye being used 
for seeing near objects Complete occlusion is effected by a 
patch of ismglass plaster shaped so as to cover the eye A 
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second smaller piece is applied to the adheai^i bide of the 
lai^er piece so that the smooth aurfacc is towards the lids and 
an adhesne margin, half an inch wide, is left round the edge 
This IS stuck down to the tcmpoml region, the forehead, the 
bridge and side of the nose, and across the cheek, o%er the 
mahr bone a small air \ent is loft The phstcr is changed 
every third daj Occlusion should be ab-Nolutc andmavlnve 
to be continuetl for six to twelve weeks or until the vision li is 
improv (hI to C/I j or C/9, when the visnal acuity is suflicient for 
orthoptic training Tlie child is cxamincvl at intervals of a 
month or two, and any improvement in v ision in the squinting 
e)e as well as anj change in the angle of deviation, carefully 
recorded In some cases the deviation becomes transferred 
to the occluded or atropizcd eye this is a gooil sigu, as it 
indicates that the vision with the ongmnlly squinting e^e is 
only slightlj worse than that of the fu^g ej c 

(3) Orihojiiic The further treatment depends upon tht size 
of the angle of dev lation thccondition of v jsion m the sqmntmg 
eye and a varietj of other factors which differ in each case 
An attempt is made to cultivate binocular v ision and stereo 
scopic fusion by orthoptic treatment This consists essentially 
in specially dev ised exercises It has one o\ crwhclnung nrgu 
ment HI Its favour, viz, that when successful it cures the 
squint The cure is complete, t e , the patieut is phted in the 
same condition os a normal person , his cy es arc straight and 
ho has binocular vision Ivo other treatment can be said to 
cure the disorder The eyes can be put straight, but this 
cures only the dev lation the other elements of the disorder 
remain una0ectcd 

Tlicrc are three stages in orthoptic treatment (1) the 
production of simultaneous v ision with the two ey es i e , the 
unmaskmg of diplopia, (2) the production of binocular 
vision « e , the fusion of two halves of the same object pre- 
sented simultaneously to the two eyes rcsjicctiTcly , and 
(i) the production of stereoscopic vision, le, tho fusion of 
two images of the same object seen in perspective, resulting 
in the perception of relative distance of parts, solidity, and 
relief The second stage will be faci!itate<i if the two images 
are close t<^ethcr and hence orthoptic tre atment may demand 
operative treatment at an early oge 

Unfortunately orthoptic treatment js extremely tedious and 
requires prolonged and very persevering efforts In many 
cases it IS useless to attempt it, and in all cases it is useless 
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unless carried out systematically and thorouglily For the 
details of the treatment monograplis on the subject must be 
consulted It has been consideiabl> elaborated of recent 
years, and very encouraging results ha\ e been obtained Few 
surgeons can spare the time to undertake it, but it should 
always be carried out under their supervision 
(4) Surgical treatment is indicated when the residual angle 
of squint 18 10* or more when wcanng correcting glasses, and 
m children between four and five years of age when orthoptic 
traimng has failed to bring tbe eyes parallel 
Orthoptic traimng is an important preliminary to operation, 
and should he resumed as soon after as possible Wien the 
angle of squmt is 25* or more ptelumnaTy orthoptic traming 
13 generally waste of time, and operation should be undertaken 
early The best results are m those operated on between 
four and six years of age Postponement until the child is 
ten or more usually results m the permanence of amblyopia 
and failure to establish bmocular vision The operation is 
then purely cosmetic 

Very free tenotomy of the mtemal rectus tendon and its 
espansions into Tenons capsule has often been followed in 
the past by divergence and retraction of the caruncle and 
plica semilimans owing to failure of reattachment to the 
globe Guarded tenotomy, using retention stitches, in children 
and recession in adolescents and adults are more accurate 
and reliable The internal rectus should not he recessed more 
than 5 mm lest weak convergence occur, leading to discomfort 
m reading and neat work and to headaches An internal 
rectus recession of D mm will correct about 20* of equmt 
Considerable eiroenencc is required to assess the amount of 
recession and ad\ ancement needed in difiexent cases 
If the deviation is 10* to 15* tenotomy or recession of the 
internal rectus of the squintmg eye should he performed 
This will cure the deviation or reduce it to a neghgible quantity 
If the deviation is more than 10* to 16*, advancement of 
the external rectus of the squmtmg eye, usually with tenotomv 
o{ tie internar reertw o/ itw simw eyf, wnV ife a€C€ssarf If 
the deviation is large advancement of the external rectus 
should always be accompanied by tenotomy of the mternal 
rectus This a^olds an appearance of enophthalmos by 
allowing rotation of tbe globe approximately around the 
centre rotation of the eye A general anJesthetic is to be 
avoided if possible, since the position of the eyes varies so much 
m different stages of auffisthesia that it gives no criterion of the 

i»-i 
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fiaal position after the anesthetic has pissed off Very gowl 
results can, howe\ er, be obtained by an experienced operator 
if he keeps firmly in mind the amount of the deviation and 
Ignores the position actually present under the amesthetic 
"With pantocam onlv the operation is painle»s, except vhen 
tension is put upon the muscle It is almost impossible to 
avoid slight tension during certam stages, but it need only be 
momentary 

It 13 possible to operate on some quite >oung children under 
local nmesthesia by keeping up a coniersation irith them 
■\Yitb tbo<!e who are nervous or troublesome intravenous 
pentotbal sodium anaesthesia works well It should be given 
by an experienced anaesthetist, after a preliminary sedative 
mstiUation of pantocam and adrenaline, and injection of 
novocain into the muscles involved 
The treatment of altematmg concomitant convergent 
squint without appreciable error of refraction is purely 
cosmetic These patients have no bmocular vision, and it is 
useless to attempt to develop it unless the case is seen when 
the patient is very young, or immediately after the squmt 
has been first noticed Usually there is considerable denation, 
so that an advancement operation is required It shonld be 
postponed until a perfect re^mlt can be guaranteed, t e , until 
the operation can be performed with local anesthesia 
In rare cases the patients develop diplopia after the eyes 
hare been put straight This may be due to a “ false macula " 
(wdep 571) but aUo occurs with alternating squints It is a 
very troublesome comphcation, smee it usually persists for 
weeks or months, and is very distressing to the patient 

The treatment of concomitant divergent strabismus is ’sinular 
to that of the convergent type The refraction must be first 
carefully corrected, and it is advisable to order a full correction 
for constant use unless the myopia is very high Tenotomy 
of the external rectus is seldom mdicated m these cases because 
the benefit derived is too sbght , it will not correct much more 
than 5° devuation Hence advancement of the mternal rectus 
IS usually necessary Xo operation is advi^ble in very high 
grades of myopia, smee the size of the ej e may render success 
mechanically impossible (nde mfra) 

In dive^ent strabismus sbght over-correction is mdicated, 
for these eyes show a great tendency to revert to then former 
position In convergent strabismus the deviation should be 
fully corrected only in adults, on account of the tendency of 
the deviation to dimmish pan passu with the Joss of accom 
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modatioa {xn.de p 573) Moreover, slight con\ ergence is less 
unsightly than divergence 

Divergent Strabismus other than Concomitant and Paralytic 
There are cases of di\crgent squint winch are not paralytic, 
nor are they stnctly concomitant Some ore very nearly allied 
to the true myopic divergent agmnt and may arise from it, e , 
the divergence of the worse eye after bmocular fixation has 
been completely abandoned Simdarlj the mechamcal 
divergence of extreme myopia is neither concomitant nor 
paralytic 

Another form of di\ergencc, allied to the unilateral diver 
genes in unequal myopia is met with occasionally m any form 
of amsometropia in which the difference m refraction between 
the two eyes is great In these cases, which are seldom suscep- 
tible of full optical correction («dep 532) one eye only is used 
for fixation It is not surprising therefore that the unused 
eye assumes a position of rest, which is usually one of 
divergence It is more surprising that relatively few such 
cases of anisometropia develop a manifest snuint \Vhen a 
squint IS dev eloped the patient not infrequently complains of 
diplopia, which is the mote trying the less tbe divergence 
These cases are difficult to treat Prolonged use of the fullest 
possible correction aide<l by stereoscopic exercises, should be 
tried first If it faiU tenotomy of the external rectus of the 
diverging eje may effect a cure in «hght deviations In other 
cases an advancement is indicated m such cases extreme 
delicacy of manipulation is required Operation undertaken 
for cosmetic reasons may sometimes induce or increase diplopia 
by approximating the true md false images , it is usuallj 
permanent in these cases and exceedingly distressing 

Finally, a blmd eye diverges sooner or later 


Opebatioss on the ExTRinsio Muscles 

Simple Tenotomy Instruments required speculum, 
fixation forceps, flat strabLsmus hook pioorfields’ pattern), 
tentomy scissors Local' an'estdesia smffces m aiY dut very 
>oung patients a few drops of adtenaUne (1 m I 000) may be 
instilled with advantage 

The conjunctiv al sac having been douched, and the speculum 
inserted, the conjunctiva is seized o\ ct the muscle and a vertical 
incision, 8 — 9 mm long, is made with scissors It must be 
remembered that the mtemal rectus is mserted nearest to, the 
external farther from, the comeal matgm (tide p 539) The 
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tissue uudetlying the conjunctiva at the lower border of the 
muscle 13 then seized with the forceps and incised, care being 
taken to hold the scissors so that they are 
tangential to the globe If this is properlj 
done Tenon’s capsule is opened The hook 
IS now taken in the nght hand, which still 
retains tbescis«ors, and the pomt is introduced 
into the opening m Tenon’s capsule It is 
passed backwards, then upwards between the 
muscle and the sclerotic In this mancBuTre 
the point of the hook must be kept firmly 
against the globe The pomt of the hook 
appears at the upper border of the muscle 
It IS freed from any conjunctival or subcon* 
junctival tissue which may cover it The 
hook IS drawn forwards until it hes cIq<c 
under the insertion of the muscle The hook 
is transferred to the left hand The point of 
one blade of the sci'^rs is introduced along 
the hook below the tendon, and the muscle is 
divided between the hook and the sclerotic 
The hook should be introduced ogam and 
moved about in such a manner that any 
attachments which remain may be caught 
up and divided 

The conjunctiva issutured with silk sutures 
and a pad and bandage are worn for two 
days, the eye being freely imgatecl with 
boric acid lotion 

W ith the exception of a small puncture m 
the conjunctiva the whole operation can be 
performed subconjunctnally by an expert 
This method has the admntageol preventing 
so much retraction of the caruncle m tenoto* 
mismg the mtemal rectus as usuaUy follows 
tenotomy by the open method It is less 
easy and slightly more dangerous 
Fia 323— Spnng I{o attempt snould ever be made to obtain 

Miwits a greater eSect Irom tenotomy ot the mtecnai 

rectus than 10\ of the external rectus 6* If 
a greater effect is desired an adiancement of the opponent 
must be performed 

Guarded Tenotomjof theltaemailtetiut In^traroents required 
bang’s Bpoculum (Fig 118) 2 pairs of conjunctival block forceps 



CONCOMITANT STRABISMUS 583 

(Fig 119), fixation forceps, let hypodermic syiiuge, IJ-jacli 
hypodermic needle, spnng scissors 323), needle holder 

{Fig 324), 3 sutures of 000 black siJk on conjunctival needles, 
6 buH-dog forceps for clamping sutures, 4 mosquito pressure 
forceps for gauze swabs, straight probe, spirit lamp, 2 strahisaitis 
hooks (Fig 276), pair of dmdera, steel rule graduated m miUi 
metres, mapping pen Tnth terminal 3 mm bent at nght an^'les 
gentian ^ lolet for marking, closed tubes of six 0 catgut sutures on 
eyeless needles, and No 1 black sutures on eyeless needles 
A carved incision is made \ntli scissors m the conjunctiva with 
its convexity towards the cornea over the 
internal rectus The flap is undermined by 
passing scissors under it towards the inner 
canthus, the blades being then opened 
(“ spreading ' ) Black 000 eilk sutures are 
then inserted mto the edge of the flap, which 
is reflected by damping the sutures to the 
towels The subconjunctival ti«3ue is pashed 
towards the no^e with a gauze swab, and 
the muscle, covered by Tenon a capsule, ex 
posed Tenon’s capsulo is then eeizeil with 
forceps just above and below the insertion of 
the miisde and button holed with scissors 
The capsule is slit for 7 mm along the upper 
and loweredgesof the muscle Anybleemng 
points are touched with a probe heated m the 
flame of tlie spirit lamp Tenon s capsule 
covering the muscle should be presened The 
point of a strabismus hook is passed into 
Tenon’s capsule at the posterior limits of 
the incisions and retracted Dividers measur 
mg the amount desired to set the muscle Fio 324 — SUcocks 
back are placed along the upper and lower needle holder 
borders of the muscle, the distance measured 
o2 from the tendon insertion, and marked on the sclera with the 
mapping pen (One mm recession corrects about 4* deviation ) 
Two mm behind the insertion of the tendon two sutures of 
No 1 black silk With an eyeless needle threaded at each end 
are passed at ngfit angfes to the long axis of the muscle fibres 
for 3 mm each (Fig 3^) These mattress sutures later ert 
the cut end of the muscle on to the sclera The sutures are held 
in a clamp and the tendon dmded with scissors The cut end 
of the muscle is allowed to slip bade to the level of the marks 
on the sclera The sutures ate then pa<»’cd through the stump 
of the tendon, brought through the conjunctiva, and tied whilst 
the aouat'vnt keeps the cut end of the muscle at the right level 
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by bolcijng the sutures with phne forceps just behind the 
tendon stump until the knot is tied (Fig 326) All blood is 
swabbed up Tenon s capsule !*■ stroked bsck into position, and 



Yii, 3 >5 — Gaarcled tenotomy of lotonia) rectU' siiluriii iiwerted 

the conjunctnal incision closetJ by font interrupted sutures 
The eye is inigated with saline a drop of patotem instilled, and 
both eyes coaered with pads and bandage The conjunctiral 



wav 


lie 3'’6 — Guarded Irnofomr of inten «1 rpctu'* eiitnrcs tied 

sutures may be remoiwl in forty eight hours but the imttre'a 
sutures me left for fourteen davs 
JJecession of the Internal Rectm » petfociued in a '‘iniilar 
manner Tno 000,000 catgut futures on e«les3 needles are 
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pn«:se<l through the upper and lower edges of the mu'^cle 2 min 
behind Its jn«ert»on in the so called "whip stitch’ fashion 



JV 327 —Rcef^sion of internal r?ctu8 

(hig S27) The tendon i'- divideil nud the stitches are passed 
through the superficial lasers of the sclera it right angles to the 
long atis of the muaefo 



ilc 328 — ^^draamnent of Mtcmal rrctas 

Advancement of the External Rectus An incision xs made 
2 jnm behind and concentnc with the cotncoscieral junction 
m front of the insertion of the muscle The conjunctiva is 
then iinapTminMlby ‘'spreailmi;” (II* supra) Xo 1 black 
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silk sutures on eyeless needles are passed tlrrousili the posterior 
edge of the incision, one above and one belovr These art 
held up and the conjunctiva incis^nl hackirards for 4 mm 
from the upper and low er ends of the incision The flap is 
reflected to the temporal aide and the sutures clamped to the 
towels The muscle is exposed m the same manner as m 
guarded tenotomy (ndc siif/nt) A strabismus book is passed 
between the muscle and sclera and the length of muscle and 
tendon for resection marked off (1 nun advancement corrects 
about 2* deviation) bo 1 black silk whip stitch sutures 
ate passed through the upper and lower edges of the muscle 
2 mm behind the gentian violet mark and ensnaring a breadth 
of 2 5 mm. of the muscle fibres The muscle is divided at the 
mark the distal part being held in fixation forceps so as to 
steadv the globe whilst the scleral sutures are msertcd The 
c\eless needles carrying the whip-stitch sutures are passed 
through half the thicinaess of the sclera transversely to the 
long 8X13 of its fibres at the anterior marVed spots (Pig 328) 
It 13 essential to obtain a firm hold on the sclera, and in 
order to do this the needle is first passed almost vertically for 
0 5 mm- and then turned slightly towards the surface It is 
driven through about 1 mm by pressure m the hne of ciinaliire 
of the needle Whea the point emerges assistance mar be 
afforded by counter pressure with a fine plastic hook arbimd 
the needle point until sufficient of the needle has emerged for 
a grip to be taken of it by the needle holder The tendon is 
then divided at its insertion, the shortened muscle drawn 
forwards and the sutures tied All blood is swabbed up, and 
the conjunctival incision closwl with 000 black silk sutures 


OoNCEMTAi, Defects 

One or more of the extnusio muscles may be absent as a con 
genital defect or may be abnormally inserted into the sclerotic 
In some cases the condition has been proved to be due to the 
absence of the motor nervous metdiamsm The position of the 
eyes and their movements may be very varied, but aometimes 
resemble those of an ordinary internal “quint Id the latter case 
peculiarities of movement, eg, in and up instead of inwards, can 
usually be elicited Wien each eye is made to fix successively, 
the movements of the eyes are often quite different from 
each other There is never doable vision and muscular con 
tractuie does not occur There is often congemtal ptosis (y t ) 
not infrequently of the hereditary type, and sometimes 
nvstagmus. 
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Latent Strabishus ob Heterophoria 

It; 2 S found in some apparently normal persons that in the 
screen test {mdc p 550), when the screen is removed from 
before one eye, that eye moves slightly mnards or outwards to 
regain bmocular fixation , if the screen is placed m front of the 
other eye and then removed this eye also moves sbghtly 
mwards or outwards respectively to regam fixation \Vhen 
both eyes are fixing there is no deviation Such a squmt is 
called a latent squint or, m opposition to the normal condition 
of orthophoria, heterophona If the latent squmt is one of 
convergence the condition la called esophona, of divergence 
exophona Sometimes one eye is higher than the other , this 
condition is usually called hyperphoria as a matter of fact it 
IS impossible m these cases to be sure whether there is absolute 
hyperphoria of one eye or hypophoria of the other, the condition 
being relative only 

It must be concluded that when the eyes are screened they 
take up a position of rest, the extrinsic muscles exercising 
merely the tone normal to them at the time of examination 
In cases of latent squint the position of rest is not orthophoria 
with the visual axes ^ralfel but heterophona, with some 
devmtion of the axes During normal vision the requirements 
of binocular vision demand a suitable readjustment of the 
visual axes which can be brought about only by tonic con 
traction of certain muscles— -m esophona of both external 
recti, in exophona of both mtemal recti This mvolves a 
perpetual strain, wlucb often manifests itself as asthenopia 
As might be expected the deviation is liable to become manifest 
IQ conditions of bodily fatigue and to vary m amount from 
tune to time Some periodic squints arc due to this cause, 
and the periodicity may be rhythmic Thus n child may 
squmt in the evening nhen bo is tired , after a good night’s 
rest the squmt has disappeared, and may not return until the 
second or third day, the sequence being accurately repeated 
Often latent squints iiive no trouble until school time arrnes 
or adult life is reached Hero the demands of near vision 
increase the strain No symptoms arise perhaps until after 
readm" or writing for an hour or two Then “the letters 
seem to run together ” This is due to relaxation of the o\ cr 
strained muscles , the eyes momentarily assume the position 
of rest, and diplopia, which is not realised as actual double 
vision, causes blurring of tbe print ith an eSort the blurring 
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13 o\ ercoine, but eventually this becomes impossible, headache 
supervenes, and the ^^ork has to be abandoned 
Anal^-sis of the cases shons that slight eso- and p'cophoria 
are quite common and give nse to little or no trouble, xvmcU is 
not difficult to understand when it is remembered that over 


action of both internal recti is ph)siological m ordmary conv cr- 
gence on near objects These mtiacles are therefore accustomed 
to act together and little strain is felt The same is true m less 
degree of the external recti 

--v. Only n hen the deviation is great 

— 5* to 10“ or more— is asthen 
/ ill ^ B \ opia frequently present Very 
/ IPilil llil IS ill' \ degrees of hj'perphona, 

I II I M| jjll \ however, almost inv anably cause 

j I |i ijIIkII I extreme discomfort, for in these 

I |{ 1 l|'| i } oases over action of muscles 

\ IL !( (Il IP / which are not accustomed to 

\ j I together is necessary m 

y order to keep the v^8ual exes m 
the same plane Tor instance, 
t,. . >0 the primary position of the 

ejes there must be over action 
of one superior rectus and inferior oblique, combined with ov cr> 
action of the other infcnoi rectus and supenoi oblique, and the 
readjustment m other positions of the eyes must he very 
complex 

It may be impossible to discover slight degrees of hetcro- 
phona by the screen test More delicate tests have therefore 


been devised All depend upon disassociating the two ejes 
The simplest method is that of so altering the appearance of 
the retmal image in one eye that it affords no stimulus to fusion 
with the image of the other eye 
The Maddox Rod Test The patient is placed six metres 
from a candle or bright spot ox light in n dark room A 
Jladdox rod {Fig 320), wluch consists of four or five cylinders 
of red glass side by side m a brass disc, is pheed in the trial 


frame before one cj e The spot of light seen through the red 
cylinders appears as a long red line If the cylmdtrs are 
placed witli tlieir axcsdionzontal flic rcdlinc will be vertical 
If there is orthophoria the bright spot will appear to he m the 
centre of the vertical red line, if there is ew or exo-phorn 
the retl line n ill be to one side of the sjwt The angle of the 
devistion is mensured by the strength of the prism which it is 
necc««iary to place m front of the Maddox tod in order to bring 
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the red line and the spot together Hie nature of the deviation 

indicated by the position of the base of the prism whether 
out or 111 

The Sladdox tod is then turned round bo that the cylinders 
are vertical , the red line mil uotv be horizontal If there is 
no hyperphona the line will pass through the bright spot 
If there is hyperphona the red line will bo below or above the 
spot according as the relative hyperphona is in the eye with 
the rod in front of it or in the other The amount of dona 
tion IS measured cither on a tangent scale or by the strength of 
the pri'sm required to correct it 

The Red Green Test A vertical slit covered with red glass 
above and green glass below is illuminated from behind and 
viewed by the patient through reversible spectacles contaming 
a red glass m one eye and green m the other The glasses arc 
chosen such that the red ghss absorbs all rays transmitted by 
the green and vice icrso With orthophoria the two lights 
are seen in their proper position with netcrophoria they arc 
displaced but may become replaced by muscular effort Dis 
appearance of one light indicates complete suppression of the 
image of the other eye 

The Diaphragm Test In its original form m Remy s djplo 
scope letters are viewed on a stereoscope frame through two 
silts in a diaphragm interposed between the eyes and the 
letters In Bishop Harmans diaphragm test letters or 
numbers ate viewed m a similar manner through a single 
central slit the width of which is adjustable The width of 
the slit IS shown on an arbitrary scale thus enabling a numen 
cal record of the examination to be made 

The Red Green Test and the Diaphragm Test have been 
adopted by the Royal Air Force for their examination of candi 
dates (tide p 700) for it has been found that latent squint is 
a potent cause of bad landings 

The deviation m latent squmt is often different in near vision 
from that in distant so that both must be tested The 
deviation m near vision is tested by means of a special card 
(Plato XXI) A strong pnsm— about 12'’— is placed base 
down or up before one eye Tn ortliopfioria tfie arrows are 
exactly in the same vertical line In eso or exo phona the 
lower arrow points to a mimber in the upper scale This 
number gives the angle of deviation which may be confirmed 
by counteracting the devnation with a pnsm base m or out 
before one eye The Maddox wing tester theBishopHarman 
diaphragm test (vide p 701) is a convenient method of 
applying this test 
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Be«ides the actual measurement of the deviation jn latent 
strabismus the strength of the muscles imolved should also be 
tested bv forcing them to a maximum effort against pnems 
With the patient seated six metres from a candle the highest 
pnsm, base down before the nght eye still permitting of single 
Msion, gives the range of ■^uperduction of that eye Sub- 
duction and abduction can be measured in the same maimer 
Adduction gi\ es less concordant results The nonn'\l limits of 
super and sub-duction are 1 5" to 2 6°, of abduction 4“ to 5® 

Allied to thc«e defects, though not strictly speaking a latent 
squmt 18 insufficiency or wealiess of conicrgence It will be 
revealed by the ordinary tests of motor balance If there i« 
more exopbona or less esopbona in near Nusion than in distant 
there is insufficiency of comergence The raajontv of cases 
ha^e orthophoria or esopbona for distance, hut exopbona for 
near work ilost of them ha\e hypermetropia, but it is not 
uncommon in myopes Simple tests for consergence arc 
described in the examination of candidates for the Kojal Air 
Force (vide p 699) The defect causes asthenopia in neat 
work 

Treatment The lower degrees of esopbona, and to a less 
extent of exopbona, cause no symptoms and need no special 
treatment Slight exopbona often causes symptoms in young 
adults much engaged in near work It is relieved by suitable 
prisms bases m if the general health improves, or the amount 
of near work is dimimshed, the pnsms can be dispensed with 
later Hyperphoria is most likely to cause asthenopic eymp 
toms It is corrected by ordering suitable pnsms to be com 
bined with the glasses which correct any refractive error If 
the spherical error is sufficiently great the prismatic effect maj 
be obtamed by decentnng the lenses The total pnsmatic 
error should be divided equally between the two eyes in 
ordering the correction Thus, if there ts byperpbona of 3^ as 
measured by a 3“ pnsm base down before the leH eye, a pnsm 
of IJ® IS ordered before each eye, base up for the nght, base 
down for the left this treatment does not succeed, 

and the deviation is considerable, tenotomy of the superior 
rectus may be necessary, but such cases are rare, and operative 
mterference should not be lightly undertaken, for it is apt to 
be di«appomtmg 

The rational treatment of large degrees of eso or exo-phona 
consists m exercising the weak muscles against pnsms This 
IS usually only temporanly beneficial, but the muscles can be 
kept in good order by repeatinpthe exercises at mtervals The 
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asthenopia can be relieved by ordering pnsma to correct the 
defect, i e , pnsms with their ba^es directed m the opposite 
sense to those used for exercise This should be avoided 
except in such cases as those already mentioned, since it 
generally tends to increase the defect, so that stronger prisms 
have to be ordered from time to time In severe cases a course 
of orthoptic exercises should be given and operative inter 
ference may be indicated 

Insufficiency of convergence may be treated by prism exer 
cises The followmg simple exercise 13 often sufficient without 
having recourse to prisms Any error of refraction is corrected 
mth glasses which are ordered to be used constantly While 
reading the patient gradually bnn^ the book nearer and 
ucarer, until the print becomes blurred He then slowly 
mo\es tbe book back to ordinary readmg distance The 
process is repeated At about every tenth line the patient 
looks into the distance, so as to relax his accommodation and 
convergence Two or three pages should be read in this 
manner three or four times a day for several weeks The 
course is repeated as often as necessary More elective are 
orthoptic exercises with stereoscopic apparatus 

If convergence traimng fails prisms base in must be ordered 
with the reading glasses Care must be taken not to over 
correct presbyopia (tnde p 636) 
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CHAPTER XXIX 

Ocular Manifestations of Diseases of the Nervous System 

JIany diseases which primarily attack other parts of the 
body give use to ocular symptoms, and not infrequently first 
come under the observation of the ophthabmc surgeon At 
the nsk of some repetition I propose bnefiy to review the most 
important ocular mamfestations of such diseases 

The ocular sigus of nervous disease often appear super- 
ficially to be complicated and confusing In most cases they 
are leaddy esplamed by the anatomy of the part of the 
nervous system involved 

Tabes Dorsalis Primary OjAtc Atrophy (tide p 39S) occurs 
m about 10 — 20 per cent of cases of locomotor ataxia It is 
about twice as common m men as m women, most frequent 
between thirty and fifty years of age, and may precede the 
appearance of typical tabetic symptoms by some years It is 
commonest in the pre ataxic stage, but it is not true that 
optic atrophy deters the development of ataxy or exercises 
any beneficial influence The onset is gradual, leading to 
total blindness m two to three years or more Pallor of the 
disc may precede the failure of vision by a considerable period, 
never the re\ erse The affection of one eye usually precedes 
that of the other by a few months, rarely longer The disease 
13 probably a primary nenromc degeneration, starting m the 
gaughon cells of the retina, which would account for the bad 
■pTognosts Ynssemm^e&^thsrosis, p , Ynou^uYaeteis 
some evidence that it may be due to intracranial involvement 
of the nerve and chiasma 

The jfeWs show progressive contraction, pan passu with the 
failure in central vision It is rare for the failure of sight to 
commence with a central scotoma thus diffeimg from the 
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onset in disseminated sclerosis, though Puchs has shown that 
it occurs (mde p 400) Two types of field are met with 

(1) General concentric shrmkage, the colour fields for red and 
green being \ ery early lost, and central 's ision much unpaired , 

(2) Irregular sectornl defects, which arc sharply defined but 






Tio 330 — Pelatjons oi the cranial nerrea to the artones at the base of 
the brain a r r artena ccatialis retiDS , opftt^J^ ophthalmic 
arterj t c i internal carotid artery op ck optic cbiasma a c a 
anterior cerebral artery »» c « middle cerebral artery op ir optic 
tract acha anterior choroid artery th^px choroid plexus 
»otf« internal auditory artery »p«cc apina) acoeasory nerve 
pyr pyramid ol olire c6 cerebellont atrfta anterior mfenor 
cerebellar artery a c6 a anpenor cerebellar artery t Me temporat 
lobe (Eugene ^\oI^ Anatomy of the Eye and Orbit liewis 
London ) 

gr-iduaUj spread though centnl vision may be quite good 
Defective dark adaptation and coloured vision have been 
described ns early sjmptoms of tabes 

The chanctenstic pvptllary include the so called 

spinal mio-’is, the Argyll Robertson pupil reaction, mcquahtj 
of the pupils, and distortion of the pupillary aperture These 
signs ate found m other diseases, and are to be regarded as 
signs of syphilis of the central nervous system rather than 
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as pathognomonic of tabes Their combination is of great 
diagnostic sigpificance A^yll Robertson pupils ate found m 
70 per cent of tabetics and are almost mvanably bilateral 
Unequal pupils are found m 30 per cent of tabetics but are 
still more frequently met •within general paralysis of the insane 
Ophthalmoplegia uiterna» t e , paralysis of the sphincter indis 
and of the ciliary muscle, occurs m about 5 per cent of tabetics 
and is generally unilateral It is due to a lesion m the nucleus 
of the Illrd nerve Cycloplegia without mydriasis, or nee 
versd^ is rare 

The Myotome Pupillary Reaction resembles the Argyll Robert 
son pupil but occurs m the absence of all signs of s}'philis It is 
characterised by inaction of the pupil to the light stimulas and 
slow reaction and recovery to convergence (Foster Moore) It 
IS usually onikteral. Tendon teBeies may be normal ot impaired 
It differs from the true Argyll Robertson pupil m the sluggishness 
of the convergence reaction, and the fact that the tonic pupil is 
always larger than its feUow, whereas the unilateral ^gyll 
Robertson pupil is always smaller (Adie) It is commoner m 
women than in men 

Paralyses of the Extnnsic Ocular Muscles are common in 
tabes, occurring m about 20 per cent of the cases The order 
of frequency of the nerves affected is Illrd (20 per cent ) 
Vlth (13 pet cent ) IVth (3 percent ), erternal or total ophthal 
moplegia (2 per cent ) It is characteristic of tabetic paralyses 
that they are partial, t e , not involving the whole nerve, 
mcomplete, t e , pareses rather than paralyses, variable and 
transitory The affection of the Him nerve is so common 
that it is always suggestive of a tabetic or syphilitic lesion 
Total Illrd nerve paralysis is rare m tabes, and isolated 
ptosis 13 very common (4 per cent of cases) The paie«es 
of the ocular muscles nearly always occur m the pre atazic 
stage when they occur at a later stage they are more likely 
to be permanent They generally clear up rapidly, but show 
a marked tendency to recur lliey may be due to nuclear 
lesions, or to mvolvement of the proprioceptive fibres (Sber 
nngton) Considering that tabes is essentially a disease of 
afferent tracts it is curious that the Yth nerve almost always 
escapes Nystagmus is rare, but the paresed muscles often 
give nse to jerky movements of the eyes which may be mis- 
taken for nystagmoid jerks Paralyses of associated move 
ments e y , conjugate deviations are very rate 

In Combined Sclerosis, m which both the postenor and the 
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lateral columns of the cord are affected, all the ocular mam 
fcstations charactenstic of tabes maj occur , these are 
probably atypical cases of tabes In subacute combined 
sclerosis, such as is specially associated with antenna and 
cachexia, ocular symptoms are rare 

In Hereditary Ataxy (Svn — Fnedretch’s Disease) optic 
atrophy and paralyses of the ocular muscles are very rare 
Nystagmoid jerkmgs of the eyes, very similar to tho«e 
occurring m dissemmated sclerosis, are very common, but the 
visual symptoms charactenstic of the latter disease are absent 
The movements are probably due to the same lack of co ordma 
tion which causes the other atanc signs of the disease , they 
occur on voluntary movement and are not usually present m 
passive fixation 

Congenital Spastic Paralysis {Syn — IaUIFs Disease) is 
probably due to subdural hsemorrbage resultmg from difficult 
labour Of these cases 30 — 40 per cent have concomitant 
convergent squint 

Myelitis A considerable number of cases of optic neuntis 
associated with myelitis have been described The visual 
defect usually precedes the signs of myeUtts Its onset is 
sudden, but one eye may be affected a day or so before the 
other Complete amaurosis generally supervenes rapidly 
In some cases there is a centr^ scotoma m the early stages, 
and there may be pam on moving the eyes, pomting to a retro 
bulbar neuntis There is usually only sbgbt neuritis, but con 
siderable swelling of the disc has been seen In cases which 
recover the blindness passes off and good vision is restored 
Smcc the site of the myelitis may be lumbar or dorsal and as 
anatomical contmuity of the inflammatory process from the 
cord to the optic nerves cannot be demonstrated, it is almost 
certam that tne ocular affection is due to toxms circulating in 
the blood There axe no signs of general meningitis, and other 
cramal nerves escape 

Dunng the amaurotic stage the pupils ate dilated and 
immobile In cases of cervical and upper dorsal myelitis 
Muthout optic neuntis the pupils are often unequal, owing to 
implication of the dilatator tracts In these ca^es the pupils 
still react to light 

Disseminated Sclerosis (Syn — or ItistAar Sekrosts) 
Lesions m disseminated sclerosis often occur in the visual 
paths (50 per cent of cases) (Fig 331) Unlike the lesions of 
tabes, the medullary sheaths of the ner\e fibres are speciallj 
attacked, tlic axis cjhnders lemiming relatively little affected 
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Hence, during the acute stage, defects m conductivity are 
specially prominent , considerable variations succeed each 
other, and high degrees of functional restoration are possible. 
The optic nerves are most frequently attached, with all the 
chmcal signs of a typical retrooulbac neuritis but patches of 
degeneration m the chiasma optic tracts, or optic radiations 
may cause charactenstic hemianopic chances in the fields In 



Fig 331 — DisseminatedSclerosts From a specimea by Gordon 
Holmes photographed by Coats Chiasma, optic nerves and 
tracts Stained by 'n eigert Pal method the 1 ght areas being 
patches of degeoerat on 

ordmary cases there is central scotoma with a full field The 
scotomata are generally only relative they are therefore 
easily overlooked and can be demonstrated only by the use 
ni 5Eaa.U. cohsused oh’jecta CQUc.eici.t.nn. vxaixwfjjin. at the fieVi 
and irregular peripheral defects, ‘mmetuaes only for colours, 
also occur, and these show I’ariations from time to time 
Hemianopic fields ate rarei than might be expected 
The ophthalmoscopic changes show very little direct 
relationship to the visual defects There may be complete 
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blindness normal ftindi, and signs of optic atrophy may 
coincide with good nsion Owing to the relative escape of 
the axis cylinders much leas penpheral degeneration occurs 
than might be anticipated Owing to the recovery of con 
ductivity m the fibres, vision generally improves materially, 
but repeated relapses are not uncommon The % isual symp 
toms may precede other signs by several years Permanent 
complete blmdncss scarcely ever occurs Uhthofi found 
marked optic atrophy in 3 per cent , mcomplete atroph;y m 
19 per cent , temporal paUor of the disc in 18 per cent and 
optic neuritis in 3 per cent of cases The optic nerves are 
affected, therefore, much more commonly than m tabes, more 
often indeed than in any other disease of the nervous system 
except cerebral tumour 

The visual symptoms of dissemmated sclerosis may be 
mistaken for those of toxic amblyopia, retrobulbar neuritis, 
tabes, or hysteria The diagnosis from the two former is 
the most difficult In ordinary retrobulbar neuntis the 
central scotoma is usually absolute , m dissemmated sclerosis 
relative In toxic amblyopia the scotoma is practically 
always bilateral , in dissemmated sclerosis it is unilateral m 
about half the cases la retrobulbar ncuntis it is nearly 
always unilateral, and to these cases the early stages of disease 
of the pituitary gland must be added Some cases can onl^ 
bo demitely liagnosed by the history and by the develop- 
ment of other pathognomonic signs With regard to tabes 
central scotoma is race and on the other hand symmetncal 
concentric contraction of the field is rare m disseminated 
sclerosis Moreover, the failure of vision is steadily pro 
gressive m tabes, and is bilateral , m dissemmated sclerosis 
It 18 unilateral and vetj ^ anable The diagnosis from hysteria 
may be difficult, but the regular concentric contraction of the 
field so often found in this condition scarcely ever occurs m 
disseminated sclerosis and lack of suatamed contraction of the 
pupil to light {vide p 3^) is pathognomonic of organic disease 

Nystagmus occurs m multiple aclerosis (12 per cent of 
cases), but nystagmoid jerks are much commoner {50 per cent 
of cases) True nystagmus is a very important diagnostic 
sign, as It is rare in other acquired diseases of the central 
nervous system nystagmoid }erks are of much less diagnostic 
significance Both are probably due to central changes, and 
the latter show some analogy to the intention tremor bo 
charactenstio of dissemmated sclerosis 

SIiosis IS fairlj common m this disease, and to a less degree 
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inequality of pupils Other abnomal pupil reictions are 
rare 

Paralyses of extnnsie ocular muscles are much le«s common 
than m tabes, and although resembling these m their partial 
and transitory nature differ from them m that paralyses of 
associated movements ate not uncommon Thus paresis of 
convergence, with retained action of the recti in lateral moi e 
ments, frequently occum Paralysis of lateral conjugate 
movements is commoner than (hat of upward and downward 
movements These are obviously due to nuclear or supra- 
nuclear lesions Of mdividual nerves the VTth is more often 
affected than the Illtd, and total lllrd nerve paralysis is 
never seen (cf Tabes) Partial ophthalmoplegia externa, with 
intact intrinsic muscles also occurs whereas ophthalmoplegia 
interna is unknown 

Syringomyelia is due to dilatation of the central canal of the 
cord and escalation of the central grey matter Since the 
dorsal and lower cervical regions are often effected mequality 
of the pupils is the most characteristic ocular sign It is due 
to implication of the dilatator tract , the pupil on the affected 
side is small and reacts to light, but does not dilate after 
instillation of cocame (nde p 63) Other signs of paralysis 
of the cervical sympathetic may be present, such as slight 
ptosis retraction of the globe, dc Paralysis of the Vth 
nerve is also not uncommon, and the Vlth nerve may be 
affected but very rarely the IVth or Illrd Syringomyelia, 
however, is sometimes compheated with tabes, and m these 
cases all the ocular manifestations of tabes may occur The 
patients are often hysterical a fact which accounts for the 
frequency of concentric contraction of the Belds of vision 

Myasthema Gravis This disease shows some resemblance 
to chrome progressive bulbar paralysis, but differe from it, 
inter alia, m the fact that the ocular muscles are almost 
mvariably affected Most of the patients are young, and have 
difficulty m articulation, swallowing, and mastication There 
IS neatly always ptosis and paresis of the orhiculans palpe 
brarum The muscles of the extremities and trunk become 
affected, or the disease may start m them Dyspnosa is 
common, especially on exertion A striking feature is the 
absence of muscular atrophy The muscles do not gu e the 
reaction of degeneration, but show the my’asthemc reaction,” 
i e , they respond worse and worse to repeated faradio stimuh 
The most characteristic feature is the rapid fatigue of the 
muscles The symptoms are least marked jn the mormng, 
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e ^ , the ptosis 18 much n orse m the evening Heading xs only 
possible for a fcvr minutes ovrmg to failure of convergence 
and lateral movements of the ^es Only a feir mouthfuls 
of food can be masticated oivmg to fatigue of the muscles The 
same applies to other voluntary muscles, which are similar]? 
rapidly tired out by electncal stimulation The mu'^cles 
recover rapidly in the early stages of the disease after a short 
rest The symptoms fluctuate from day to day, and ma} 
remam m abeyance for considerable periods Sensory and 
cerebral symptoms ore absent, and the reflexes are normal 
ilany cases die of failure of respiration, though the course 
of the disease is usually long No pathological changes are 
found in the nervous system, but groups of lymphocytes 
(“ lyraphorrhagcs ’ ) have been found in the muscles, and the 
thyrans is sometimes enlarged 

The ptosis IS nearly always bilateral and is increased by 
prolonged fixation or attempts to look upwards Effective 
compensation by over action of the frontales is impossible 
Ophthalmoplegia externa, partial or complete, occurs m 50 

S er cent of the cases The intrinsic muscles ate not afiected 
’ystagmoid jerks are not uncommon 
Remarkabtc temporary improtement m the action of the 
muscles is obtained bv injections of prostigmin 

Myotonia Atrophica is a famihsl, hereditary disease, charac 
tensed by weakness of muscles (facial, vastt, Ac ), and slow 
relaxation after contraction The patients frequently develop 
cataract at an earlv age — 20 to 40 — and the cataracts may be the 
first manifestation of the disease 

Ophthalmoplegia Ophthalmoplegia is a somewhat indefinite 
term applied to widespread paralysis of the muscles of the 
eye which is thought to be due to nuclear lesions and forms 
the most piomment feature of the eases Nuclear paralyses 
often cause defects of convergence, conjugate denation of the 
eyes, and so on , when these are isolated signs the term 
ophthalmoplegia should not be applied to them. In typical 
./piKthalimpilijcia Juith Jifl«rtnd-thni{^ jiU ih/i jmuiclns 

need not necessarily be simultaneously paralysed In ophtbal 
moplegia totalis all the muscles, extrinsic and intrinsic, are 
affected in ophthalmoplegia externa, many or all of the 
extrinsic muscles , in ophthalmoplegia interna, the mtnnsic 
muscles Ophthalmoplegia may be acute or subacute and 
chronic 

Acute or subacute ophthalmoplegia is usually due to poisons 
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or infection, and la relatively rare The chief poisons are 
alcohol, lead, and ptomaines . the chief infections, diphtheria 
and influenza In acute alcoholism the onset is sudden and 
accompamed by cerebral symptoms — headache, delmum, 
coma, Lc Bilateral ophthalmoplegii externa comes on 
suddenly or rapidly, with or without ptosis, and is often 
followed by facial and bulbar paralysis, with dilEculty in 
speech and swallowing The intrinsic muscles usually escape 
The condition is probably due to acute hseraorrhagic superior 
polioencephahtis (Wermche) In lead poisonmg the onset 
IS less acute and the intrinsic muscles are more often inv olved 
In ptoraame poisoning, due to bad food, mus^els, 5.c , tbe 
essential feature is bilateral ophthalmoplegia interna, with or 
without ptosis, hut total ophthalmoplegia also occurs In 
diphtheria isolated ocular palsies are common, but ophthal 
moplegia externa is rare The pupil often escapes, the ciliary 
muscle never In influenza the ophthalmoplegia resembles 
that of diphtheria— extrinsic muscles and cmary muscle, the 
pupil escaping, but the pupil has been known to be affected 
without the ciliary muscle Tbe prognosis m alcoholism is 
bad other cases usually recover 

Chronic ophthalmoplegia is usually progressive It com 
mences with ptosis or diplopia In the course of months or 
years the paralysis spread to all the ocular muscles of both 
sides, except that the mtnnsic muscles often escape, and not 
infrequently the levatores palpebrarum also These cases of 
isolated chronic ophthalmoplegia are rare, but tbe condition 
IS often a precursor or symptom of tabes or general paralysis 
of the insane, rarely of disseminated sclerosis, A.C It is a 
very early sign of tabes, and may become associated later 
with bulbar symptoms The Argyll Robertson pupil or 
ophthalmoplegia mtema is often present 

Ophthalmoplegia also occurs aa a congemtal disease or 
may be acquired early m life as an hereditary familial disease 
In these cases there is usually only partial ophthalmoplegia 
externa, and the condition is not complicated by other nen ous 
disease such as tabes or bulbar paralysis, thus diffenng from 
the adult acquired form 

Diseases of the Pons The ocular symptoms are of great 
localising value in diseases of the pons Of the'e, tumours are 
by far the most common, haemorrhages, thrombo'ses, softenmg, 
and abscess bemg relatnely rare 

Turrmirs By far the commonest tumours of the pons are 
tubercle and glioma, the former being abo-t twice as common 
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BS the latter Both occar most frequently m childhood 
PapiUcedema or papillitis occur m about half the cases, and 
IS accompanied by the usual visual symptoms The most 
charactcnstic signs of pontine tumouR are due to impbcatjon 
of the motor nuclei and pyramid'll tracts (vtdc Figs 295—301) 
The Vlth nucleus la usually impbcated and causes loss of con 
jugate movement of the eyes to the same side (infc p 543) 
with retention of convergence at the onset the estemal 
rectus only may be paralysed Owing to the immediate 
vicimty of the pyramidal tract it is also generally in\ olved, and 
as the fibres are affected before they decussate m the medulla 
oblongata there is contra lateral hemiplegia The intimate 
relationship o! the A^Ith nucleus and its afferent fibres to the 
Vlth nucleus has already been mentioned Hence, facial 
paralysis combmed with loss of conjugate deviation of the 
eyes to the same side suggests a pontine lesion Similarly 
facial paralysis with contra lateral hemiplegia (Milliard Gubler’s 
Byndrome) has the same significance If the lesion is situated 
mgh up in the poos the pyramidal tract is caught before the 
fibres to the facial nucleus have crossed Hence m these 
cases there is facial paralysis combined with hemiplegia on 
the same side The facial paralysis is then usually of the 
cerebral type, in which the orbicdans palpebrarum, which is 
said to be innervated from the Illrd nucleus, escapes I\ot 
infrequently the Vth nerve is partially paralysed causing, for 
example paralysis of the Vth, nuclear Vlth VII th, and some- 
times VHlth nerves, with crossed hemiplegia It is astonishing 
how large pontine tumouR can become without causing 
death, the nervous structures being pushed aside, especially 
in the relatively slow de\eIopment of tuberculous masses 
Extension of the disease may lead to Illrd nerie jwralysis, 
practically ne\er IVth, the fibres of which are protected by the 
dorsal position of their decussation If ptosis is the onl> sign 
of invoK ement of the Illrd nerve its localising value is slight , 
it may be a mere pressure symptom or a cerebral ptosis 
Occasionally the opposite pyramidal tract is mvohed, with 
bilateral hemiplegia Owing to the combination of facial 
paralysis the ca«es in which the trigeminal is inv oh ed are more 
likely to cause neuroparalytic keratitis (g i ) than ate other 
lesions of the Vth nuclei or infcca medullary fibres ibosis i« 
not uncommon in tumoure of the pons, hut the pupillary 
signs are of little diagnostic value, nystagmus is a sign of 
involvement of the cerebellum 
In ha-morrhages and thrombo$e$ in the pons the same motor 



602 DISEASES OF THE EYE 

signs are manifest, and are uanally of rapid or sudden onset 
There ate no ophthalmoscopic changes The pupils arc usually 
rery small in the early stages of pontme haemorrhage, a pomt 
oi considerable diagnostic significance m an unconscious 
patient 

Tumours of the Auditory Nerve (Syn — Extra-oirebelhT 
Tumours) The peculiar slow growing neuro fibromatous or 
endotheliomatons tumours of the tecessus acustico-cerebellan's, 
usually attached to the Vlllth nerve, give n'le to a fairly 
characteristic syndrome with ocular signs Early deafness 
on one side la associated with cerebellar symptoms, among 
which nystagmus is common The ^Tth nerve is usually 
involved, generally with paralysis of the external rectos only, 
rarely with paralysis of conjugate deviation As might he 
expected, there is very often facial paralysis of the peripheral 
type, t e , total, mcluding the orbiculans palpebramm The 
Vth nerve is implicated in about a quarter ’of the cases, but 
neuroparalytic keratitis is uncommon In nearly all the cases 
there is pronounced papUImdems 

Diseases of the Cerebral Peduncle (Figs 66, 29C) — ^Tbe most 
chaiactenstic sign of disease of the cerebral pedunde is a 
combination of paralysis of the Illrd neri e with contra lateral 
hemiplegia, the latter mclodmg the face and tongue (Weber’s 
syndrome) The facial paralysis is naturally of the cctehtal 
type, in which the orbiculans palpebrarum escapes, since it 
is due to a pyramidal tract lesion If the red nucleus (Fig 290) 
13 involved tremor and jerky movements occur m the contra 
lateral side of the body this condition combmed with ipsi 
lateral Illrd nerve paralysis forms Benedikt’s syndrome 
Motor and sensory hemiplegia, contra lateral to the lesion, 
without Illrd nerve paralysis, is less common than Weber’s 
syndrome, and Illrd nerve paralysis alone is rare In the 
usual syndrome the whole Illrd nerve is involved, the intrmsic 
muscles rarely escapmg when it occurs it is due to an mtra 
peduncular fascicular lesion Both oculomotor nerves are 
sometimes affected As might be expected (Figs 56, 29G), 
impbcation of the external gemcniate body or optic tract may 
occur, with development of homonymous heimanopia. Since 
the commonest lesion in this region is solitaiy tubercle, 
papilltedema occurs m about 10 pet cent of the cases The 
most frequent other causes, omitting basal gummatous 
meningitis, which may affect the peduncle secondarily, are 
softening and hjemorrhage 

Diseases of the Corpora Quadngemma and Pineal Gland 
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Though there can be no doubt that visual functions ate located 
jQ the optic lobes o! lou-er animals these functions are sub 
merged in their later representatives, the antenor colliculi 
There is no good evidence that lesions of the corpora quadn 
gemma cause any direct impainnent of vision m man The 
anatomical relations of the posterior colliculi point to associa 
tion vnth heanng, and lesions o£ the corpora quadngemina 
are frequently accompanied by impairment of heanng, ■which 
may, however, be due to pressure on the auditory pat& The 
commonest lesion of these bodies is solitary tubercle, which 
acts like an inttacramal tumour, and glioma Tumours of 
the pineal gland are generally gbomata , they press upon the 
colliculi and cause similar though less pronounced symptoms 
As might be expected, tumours m this region very fre- 
quently cause papiUcedema from pressure on the aqueduct of 
Sylvius, and therewith detenoration of vision The sign of 
greatest locaUaing ^alue is loss of upward and downward 
movement of both eyes Sometimes only upward movement 
IS lost, never downward alone The other movements of the 
eyes are relatively good It is noteworthy, in opposition to 
espenmental data, that impairment of conjugate lateral 
movements of the eyes is almost unknown in these lesions 
In more than half the cases there is paresis of both Illrd 
nerves Less often only one oculomotor nerve is affected 
Extension of the pressure effects may lead to bilateral IVth 
nerve paralysis or ophthalmoplegia externa, but the Vlth 
nerve, as might be expected, is seldom directly affected 
Pupillary changes are common, owing to implication of the 
Illrd nerves or papillcedema Eipenmental and clmical 
evidence alike tend to show that, m spite of the intimate 
relationship of the afferent pupillary paths with the superior 
colliculi, lesions of these bodies cause no direct permanent 
changes in the pupillary reactions The facial nerve is para- 
lysed in about a quarter of the cases the paralysis is of 
the cerebral type It is occasionally accompamed by ipsi 
lateral hemiplegia These are distant signs due to pressure 
Nystagmus occurs more frequently than with other cersbral 
tumours, but is usually associated with defects of co-ordina- 
tion and other signs of implication of the cerebellum These 
cases are always difficult to diagnose from cerebellar lesions, 
and the order of onset of the symptoms is important If the 
ocular movements are affected Brat, and especially if upward 
and downward movements are lost, the lesion is probably 
quadrigeminal , it the cerebellar ataxy precedes the impair 
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ment of ocular mo\einents the lesion is probablj in the 
cerebellum (Bruns) 

General Paralysis o£ the Insane {Syns — Progressitc 
Paralysis, Paral^ic Dementia) Like tabes, this is a para 
sypbibtio disease It is often accompanied by tabetic signs 
and symptoms rrhich ate due to lesions of the postenor tracts 
of the cord identical mtli those in tabes (tabo paralysis) 
The ocular symptoms are most common and unequivocal in 
the«e cases, and are to be attributed to the same causes 
The -pupillary changes are most characteristic In the 
early stages inequality of the pupils is most common It 
should be quite definite to be of diagnostic value, for slight 
mequabty is not very infrequent m normal people It is 
often accompamed by sbgbt deformation m the ^ape of the 
pupil and irregulanty of the pupillary margm The same 
remark appbes to these changes The pathological nature of 
the pupillary changes is put be^rond doubt when there is the 
typical Argyll Eobertson reaction It occurs in nearly half 
the cases and is therefore an important sign, but less constant 
than in tabes In about 5 per cent of the cases the reactions 
both to light and convergence are lost, a condition which is 
rare m tabes and especially frequent m the juvemie form of 
general paralysis The sensory reaction, i e , dilatation of 
the pupil on painful stimulation of the skm, is very often lost 
with the bght reaction The Argyll Eobertson pupil is rare 
m cases in which the knee jerks are retained Spinal laiosis 
is commoner m tabes, unequal pupils in general paralysis 
Ophthalmoplegia interna is rarer m general paralysis 
Priviary oplic atrophy occurs in about 8 per cent of cases 
(UhthoS) It shows exactly the same type and course as 
m tabes but is more frequent m the latter disease Like the 
pupillary signs it may precede the onset of the typical cerebral 
symptoms by a comidersble period, especially m those cases 
which commence with tabetic symptoms 
Paralyses of the extrinsic ocular 'mwsefe? occur about half 
as frequently as in tabes, and have exactly the same charac 
tenstics, the Ulrd nerve being most frequently mvolved 
Cerebral Syphilis is the term usually aqqlied to telattvely 
early direct syphilitic disease of the bram and menmges Its 
manifestations difier very materially from those of the para 
syphilitic diseases and the ocular symptoms ate of special 
diagnostic importance Cerebral syphilis is due essentially 
to gummatous mfiammition of the meninges and the walls of 
the cerebral blood vessels 
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The chief fonn of btam syphd^ is basal gummatous memn 
git?s It usuallf anses from the subarac&ioid tiSsue m the 
region of the chiasma and spreads thence over the base of the 
btam The optic nerves, chiasma, and tracts are generally 
mvolved Papillitis, papillcedema, or post-neuntic atrophy 
are frequently found {about 13 per cent eich) and are usually 
bilateral Visual defects are very common and consist of 
amblyopia, not infrequently amaurosis and defects in the 
fields of vision Of the latter many cases show homonymous 
hemianopia from affection of one tract fewer cases temporal 
hemianopia Central scotoma and other signs of retrobulbar 
neuritis also occur The Illrd nerve is paralysed in a third 
of the cases, less commonly the Vth and ^Tth, and least 
frequently the T\^th The Illrd and ^T.th are often affe'^ted 
on both sides The tngemmal paralysis is always umlateral 
and often causes neuroparalytic keratitis Pupillary changes 
occur, dependent upon the Illtd nerve lesions In many 
cases the process is limited to asmall area oculomotorparalysis, 
or an affection of the nsual path being the only 'igns except 
headache A very characteristic feature of basal gummatous 
menmgitis is the inconstancy and vanabibty of the symptoms, 
temporary and rcairreat visual and oculomotor disturbances 
being 1 ery common 

Isolatea gommata may give nse to the signs of cerebral 
tumour, complicated by the fact that they are often multiple 
Syphilitic disease of the cerebral ves'cls is responsible 
for a large proportion of cases of thrombosis h»morrbage, 
softening &c 

Intracranial Tumours The commonest ocular manifesta 
tion of mtraerauial tumours is papillcedema or papillitis 
The latter term is used in this connection for the slight degrees 
of swellmg of the disc, and does not necessarily imply a true 
inflammatory process 

Analysis of 200 cases of intracranial tumour treated at the 
National Hospital, Queen Square, shows the following results 
(Patou) — 

(1) Precentral tumours are nearly always associated with 
neuritis fairly severe in character (2) Postcentral tumours 
are neatly always as'sociated with papillccdoma as a rule 
moderate, and often of aery short duration (3) Temporo- 
sphenoidal tumours arc always associated with papillcedema 
of about the same degree of seventy as in frontal tumours 
(4) Of subcortical tumours about one-half develop papillcedema 
— as a rule, moderate in degree — and as jn the case of parietal 
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tumours, frequently of short duration- (5) Optic thalamus and 
mid bram tumours are almost mvariably associated with 
papiUcedema of very great seventy (0) Cerebellar tumours 
are constantly accompamed by papiUcedema of a grave 
character (7) Extra'Ceiebellar tumours as a rule, develop 
papiUcedema of a grave character (8) Of pontine tumours, 
only about one half develop papiUcedema, and then only when 
neighbouring parts of the beam especially the cerebellum, 
hai e become involved the papiUcedema when it does develop 
IS usually very severe (9) \entr 1 cul 3 r tumours develop a 
moderate papiUcedema 

There are two regions of the bram, the pons and the central 
white matter of the cerebral hemispheres, m which tumours 
frequently develop without canamg papiUcedema Some causes 
of meningeal tumours in which the bram substance escapes do 
not deieiop papiUcedema When a tumour directly or m 
directly exercises pressure on the chiasma or optic nerves 
atrophy may occur without preceding papUIcedem'i (tide 
pp S89, 393) In these cases loss of vision may precede 
ophthalmoscopic signs, and may first be manifest as a uni 
lateral central scotcraa (vide pp 393 39C 40S) 

Homonymous heauanopia is due m about half the cases ui 
which this symptom is pre«ent to tumours of the occipital 
lobes About 20 per cent are due to involvement of one 
tract, either direct or as a pressure symptom Relatively 
few are due to mvolvement of the internal capsule or ex- 
ternal geniculate body Heteronymous bemianopia is much 
xaiex and is due to pressure on the chiasma and tracts by 
tumours of the pituitary body ordistensionof the third ventncle 

Paralysis of ocular muscles is relatively rare and nearly 
always a distant pressure symptom One or both "STtb nerves 
are often affected, the Hlrd nerve rarely, the It th practicaUy 
never Conjugate lateral deviation of the eyes which is com 
mon m cerebral hemorrhage and to a less extent in cerebral 
softening IS rate with tumours of the cerebrum It is more 
frequent with cerebellar tumoars Paraly^s as true localising 
symptoms may of course occur with tumoars of the crus, 
pons, i-c To this category belongs trigeminal paralysis 
with or without neuroparalytic keratitis it is rare with 
cerebral commoner with cerebellar tumours 

Intracranial Abscess Cerebral abscess occurs about three 
tunes as often as cerebellar The ma jontv of cerebral ab^ces^es 
are due to middle ear disease and affect the temporal lobes 
Others are due to traumatism and generallv affect the panetnl 
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lobes Rarer causes are metastatic infection, usuallv (ien% ed 
from the lun^, frontal sinus empyema, and orbital cellulitis 
A still greater proportion of cerebellar abscesses is due to 
otitis media 

Nearly half the cases have either papilloedema or papillitis 
It IS not infrequently on the side of the abscess only, and in 
bilateral cases the STrcUing is generally greater on this side 
This sign has therefore greater localising \alue m intracranial 
abscess than m tumour Papillcederaa persists longer after 
operation for abscess than for tumour, or may even only then 
commence As might be expected optic atrophy is rare during 
the acute stage its presence mibtates against tne diagnosis of 
abscess Ophthalmo'’Copic changes are rarer with extradural 
abscesses 

Homonymous hemianopia indicates a lesion of the occipital 
lobe, which is rarely due to otitis 

Partial unilateral Illrd nene paralysis is fairly common, 
and the combination of umlatcra! ptosis and mydnasis has 
almost pathognomomc significance of ipsilateral cerebral or 
cerebellar abscess Partial Illrd nerve paral^is mth contra 
lateral hemiplegia points to abscess of the temporal lob© ivith 
pressore on the Illrd nerve and internal capsule, or more 
rarely to implication of the cerebral peduncle Paralysis of 
the ^th nerve is not common, but is found rather oftener m 
cerebellar than cerebral abscess it is generaDv ipsilateral, 
but has little localising value Paralysis of the Vth nerve is 
rate Nystagmus is \ety common with cerebellar abscess, 
but rare with cerebral In otitic cases it may be due to disease 
of the labyrmth 

Intracranial Aneurysm and Sub arachnoid HEemorrhage 
Intracranial aneurysms are not very rare, and may rapture 
fipontaneouslj or after head injury into the subarachnoid 
space The rupture is usually accompanied by sudden ver} 
acute headache, vomiting and dimness Coma may rapidly 
supervene iHemngeal imtatiou is shown by stiffness of the 
neck and often by Kernig s sign The ocular signs are ocular 
palsies, especially of the Illrd or Vlth nerve , moderate 
papiUfpdema , retmal hwmoTrhages, usually multiple m the 
neighbourhood of the disc, rather large, and often sub 
hyaloid, iitreous ha?morrhoge, proptosis, and defects m 
the visual fields There is always blood m the cerebrospinal 
fluid, as shown by lumbar puncture 

Acrocephaly {Sijn — OxyetphtUj) is due to precocious umon of 
certain cranial suture-v occipito parietal and fronto panetal 
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(tumcephalij loicer slull), ragittal (scaphocephahj) AsiTichroaoux 
fusion of bones leads to a lop sided skull (plagioccphaly) Tbe 
great mng of the sphenoid is ilisplaced so that the orbit becomes 
shallose, causing more or less proptosis In the early stages there 
IS papilioeclema but more commonly only the later stage of post 
neiiritic optic atrophy is seen The amount of atrophv nnes in 
degree The pipUlc^ema is probably due to increased intra 
cranial pressure o\v]ng to continned growth of the brain m a 
restricted space Divergent strabismus, honsoutal nystagmus 
md meutal deficiency are common Most of the patients are 
males Acroce{hilr may be associated with syndactyiisin 
(Apert s disease) 

Encephalitis Ocular palsies usually usher m an attack of 
encephalitis letkar/jica Ptosis is the commonest feature, and 
other branches of the Illtd nerve are specially in%olvcd The 
muscles are usually only partially paralysed, and generally 
recover Diplopia is an early symptom, and nystagmus may 
be present Papillaedcma is rare and the pupils are usually 
normal The general symptoms are lethargy, mth great 
muscular debility, and other signs of an acute general 
infection The disease is often followed hy Parkinsonian 
tremor (paral^-sis agitans), and in the later stages spasmodic 
conjugate deviation of the eyes occurs (oculogyric crises) 
accompanied b) synergic movements of the head and neck 
Oculogyric crises are relicied by bcnredrnie (up to 30 mm 
a day) 

Acute polioenccphahtxs accounts for not mlrequent cases of 
paralytic squmt following a febnie attack in young children 
The "^tb net! e is most often involved 

Meningitis In tuberculous manngiiis a moderate degree of 
papillitis IS common (about 25 per cent ) and is generally 
bilateral PapiUcedema occasionally occurs and indicates the 
combination of solitary with miliary tubercle Tubercle m 
the choroid is frequent and of great diagnostic importance 
A review of the literature tends to show that it is less common 
m tuberculous meningitis than m generalised miliaij' tubercle, 
but my own observations lead me to think that it is much 
cummuiier Vmm 'IS geuenffiy Wuu^iA ^is tiVtun 5o!in& oiiiy 
a day or two before death There are often partial ocular 
pareses usually of the IUrd nerve, especially m the form of 
ptosis Bilateral Illid paxal^is is almost unknown, a pomt 
of distmction from syphilitic ba«al meningitis Undaterol 
partial YIth nerve paralysis also occurs Xot mfrequently 
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there is a kmetic (not paralytic) <x»njugate deviation of the 
eyes and head to one side 

In epidantc cer^mi spinal memiiffilts papillitis is frequently 
present, never papiUcedema , it is due to a descending infective 
ucnntis In the early stages there is often kmetic strabismus 
or conjugate lateral deviation of the eyes A characteristic 
sign IS the widely open palpebral aperture, often associated 
with \ery infrequent bli^ng Paralysis of the ^^th nerve, 
usually unilateral, is commoner than that of the Illrd though 
diiergent strabismus due to tbe latter cause has been fre 
quently noted Total lllrd nerve paralysis is rare (cf Gum 
matous Basal Meningitis) The pupils vary much, usually 
showing miosis in the early stages mydnasis when coma sots 
m loss of reaction to light is relatively tare Conjunctivitis 
and keratitis sometimes occur, and many cases of metastatic 
endophthalmitis (5 v ) m children are due to the Weichaelbaum 
meningococcus, though it is a relatively rare complication of 
the disease 

Still and others have shown that tbe sporadic acute basal 
memogitiB o! children is due to the meningococcus A pecu 
harity of this disease which I have frequently seen at Great 
Ormond Street Children’s Hospital is complete amaurosis 
ivith normal fundi and normal pupil reactions, pomtmg to the 
action of toxins on the higher visual centres The blindness 
may persist for many weeks after subsidence of other symp 
toms, and sight maj be completely restored Chronic basal 
meningitis sometimes shows the same feature, but in these 
cases optic neuritis and post neuntic atrophy may occur from 
secondary hydrocephalus and ptesaure of the distended third 
\ entncle upon the chiasraa and tracts 

Purulent memngitis occurs occasionally m typhoid, and 
more rarely m pneumoma, influenra, scarlet fever, measles, 
and septicrcmia In typhoid the diagnosis is difficult, but the 
presence of papillitis and ocular paralyses points m this 
direction Metastatic purulent meningitis, with papillitis or 
retrobulbar neuritis occurs m children from ohscure causes 
MiildleAP-rjimaniiPAf ^ xvnt avrw/immnnmuw-rdmmilpj^ 
gitis In this condition papillitis or papiUoeaema is usually 
due to compbcationa, such as sinus thrombosis or cerebral 
abscess When ocular paralysis occurs, the VTth nerve is 
usually affected, rarely the Illrd (cf Intracranial Abscess). 
The facial nerve is most frequently involved, tbe paralysis 
often causing lagophthalraia Cemja^te deviation of the eyes 
IS not imcommon Metastatic cndopnthalmitis is rarer than m 
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epidemic cetebro-spinal meningitis The diagnosis of otogenovis 
meningitis from tuberculous may be difficult or impossible 
Hydrocephalus In the congenital and the earlj acquired 
hydrocephalus of infancy optic atrophy is not infrequcntlv 
found PapiUcedema occurs only rarely m spite of the increased 
intracranial pressure This fact is doubtless due to the relief 
of pressure by the enla^ment of the skull and the resilienci 
of the fontanelles and gapmg sutures, as well as to the % ery 
gradual development The eyeballs usually deviate down 
wards and upward movements are much restricted This is 
sometimes due to bulging of the thm orbital ^late of the 
frontal bone which may be even absorbed Not infrequently 
there is considerable proptosis 
The acquired hydrocephalus of later life, after the fontanelles 
and sutures have closed, is always rather n doubtful inference 
than a precise diagnosis The cardinal signs of incrca«ed 
intracramal pteasuie — headache, vomiting and papiUcedema— 
are present, and to these is often added ataxia of the cerebellar 
type The esses are often diagnosed as intrscranial tiunours, 
m which localising signs ace not infrequently absent oc masked 
Bitemporal hemianopia may give a clue to the true ictiology, 
being due to pressure on the chiasma and tracts by the bulgmg 
floor of the third ventricle In some cases there is evidence 
of previous meningitis but the most characteristic feature 
IS often the %anabdity of the symptoms Remissions and 
mtermissions of long duration occur, and recovery or arrest of 
the condition is not uncommon, often, however, with defectii e 
vision due to post-neuntic atrophy 
Fractures of the base of theSkull Unilateral facial paralysis 
is the commonest cramal nerve lesion m fractures o! the 
base of the skull (22 per cent of cases) the Vlth (4 per 
cent ) Illrd (2 per cent ), Vth (1 6 per cent ) and IVth (1 per 
cent ) follow in order of frequency Fractures of the ba«;e 
from falls upon the head, d.c , very often pass through the 
optic foramen and involve the roof of the orbit occasionally 
both optic foramina are broken Owing to the intimate umon 
between the dura mater and periosteum the optic nerve is 
frequently mjuied It may be tom through, hcerated b) 
Bplmters of bone, or compressed by htemorrhage into the 
sheath If the nerve is completely severed there is blindness 
with a normal fundus m the early stages In two to four 
weeks signs of primary optic atrophy appear and progress to 
total atrophy Papillcedema mdicates hiemorrhage into the 
nerve sheath and may occur from basal h»morrbage without 
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fracture of the optic foramen Ifemonhage into the sheath 
or nerve may cause concentric contraction of the field of vision, 
or quadrant and other sectonal defects central scotoma 
appears to be rare Most cases with rapidly developing 
papilloxjcma die Pigmentation in and around the disc may 
follow haimorrliagc into the sheath The pupil reactions vary 
and are not pathognomonic, but there is usually mydriasis on 
the side of the lesion 

StatistKS The statistics on this page {in percentages), derived 
from Uhthoff’s very extensive investigations of the literature and 
fit cases in th#* Breslau clinic, give some idea of the frequency of 
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important plivsical signs m certain diseases of the nervous system 
already discussed Too modi reliance must not be placed upon 
the percentages, culled as the cases are from very various sources 


CHAPTER XXX 

Ocular Manifestabons of other Diseases 


The most important ocular manifestations of other diseases 
than those of the centra! nervous system have already been 
discussed incidentally, and it will siiiBce here merely to 
enumerate them 

Infectious Diseases Mucopurulent conjunctivitis and cor 
neal ulcers are the chief ocular complications of tneasics 
They are rare m scarlet fever, as is also albummunc retinitis 
Comeal ulcers are common in tmaU-pox Vcccinto of the 
eyebds is not uncommon and may affect the comes, usually 
secoodanly, sometimes causing disciform keratitis Diph 
thma sometimes attacks the conjunctiva , it may cause cycio* 
plegia {vide p 536), and rarely paralysis of the ertemal rectus 
Erysipelas may cause abscesses and gangrene of the bds 
orbital cellulitis and thrombosis of the orbital reins and 
cavernous sinus Optic neuntis occurs m typhoid fexer Con* 
junctmtis and the herpetic types of keratitis are common m 
xnjivenaa which also causes mtis and optic neuritis 

Diseases of the Respiratory Tract Conjunctival hromor 
rhages ate common m uhooptng cough, andxetmal hiemorrhages 
may also occur Herpes comeae occurs m pneumonta, but 
it is remarkable tbat hypopyon ulcer is rare Apical phthisis 
may cause irritation of the ayrmpatbetic fibres, leading to 
dilatation of the ipsilateral pupil 

Diseases of the Circulatory System Pulsation of the retina) 
vessels, embolism and tl^mbosis of the central artery, 
arteno-scleroais, and thrombosis of the central vein of tfie 
retina have alr^dy been sufficiently discussed Aneurysm 
at the root of the neck may cause dilatation of the pupil on 
the same side In congemtol heart disease the retmal vessels 
are usually dark and greatly engorged , or the veins alone mav 
be abnormally lai^e , retmal hiemorrhages are not uncommon 

Diseases of the Blood Chlorosis has olten been held 
responsible for papillitis but it is extremely doubtful if the 
diagnosis is accurate Retinal haemorrhages, sometimes ac 
panied by white spots of exudate, occur in the 
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an®>nta3 of carcinoma, anlq^lostomiasis, Lc , and are a pro 
mment sign m pcrmctous anwmui, which really belongs to this 
group In this disease they are often of charactenstic colour 
as m leuksemia («cfe p 371) The ophthalmoscopic signs of 
leuk<^mxa have already been described Hicmorrhages m and 
about the eyes are common m scurvy and purpura , rare in 
hffimophdis Great loss blood leads to amblyopia or 
amaurosis and may be followed by bilateral optic atrophy 
{vxde p 400 Severe ocular symptoms very rarely follow 
traumatic hremorrhage, as m war injuries, but most commonly 
result from intestmal or uterine hzemorrhage Though both 
eyes are usually affected there is often an interval of days 
between them The iliscs ire hary at first, later becoming 
atrophic, With constricted vessels In some cases slight 
improvement of sight eventually occurs 

Diseases of the Organs of Digestion Orel sepsis, especially 
pyorrhosa alveolaris is an undoubted cause of iridocyclitis (vide 
p 269), and probably causes choroiditis and other forms of sub 
acute or acute endophthalmitis Infective lesions m the mouth 
may spread by continuity, especially along the veins of the 
pte^goid plezus, settmg up orbital cellulitis or thrombosis 
of the cavernous sinus Lamellar cataract is associated with 
hypoplasia of the enamel of certam teeth The lacrymal gland 
18 not mfre<iuently affected in farotUis, which may be asso- 
ciated with iridocyclitis {uteopaTOlid infammation) (vide 
p 275) Symmetrical inflammation of the lacrymal and 
salivary glands la charactenstic of MtJ-ulicz' disease (vide 
p 648} Absorption of bacterial toxins from the intestmal 
canal is almost certainly a cause of mdocychtia and other 
obscure inflammations of the uveal tract Night blindness is 
associated with some diseases of the liter e g cirrhosis, and 
jaundice causes yellow discoloration of the conjunctiva, hut 
yellow vision (xanthopsia) is much less common than has been 
thought 

Diseases of the Kidneys Aibuminunc retinitis and ursmic 
amaurosis have already been discussed 

Metabolic Diseases Ocular complications are common m 
diabetes mdliCus, but bear little relation to the seventy of the 
disease , they occur chiefly in long standmg cases, the most 
frequent being diabetic cataract, retinitis mtraocular hemor- 
rhages, and retrobulbar neuntis CEdema of the pigment 
epithelium on the back of the ina is often seen m microscopical 
specimens, but iritis is seldom met with Remarkable changes 
m the refraction of the eye, both m the direction of hyperme 
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tropia and myopia, not infrequently occur m diabetics, due to 
alterations m the refractive index of the cortex of the lens, 
probably brought about by osmotic changes (ytde p 325) 
Paralyses of both extrinsic and mtrmsic ocular muscles also 
occur Gout has been beld responsible for deposits in the 
conjunctiva (concretions), conjunctivitis, marginal ulcers of 
the cornea, episclentis, sclentis, mtis, and other conditions it 
13 mdirectly the cause of ocular lesions through the kidneys and 
vascular system R/ieutnaitsm is an mdefimte entity Acute 
rheumatism is doubtless an infective disease it practically 
never gives rise to iritis but may cause embolism of the central 
artery of the retma mdirectly by its effects on the cardiac 
valves It rarely causes optic neuritis Chrome rheumatism 
13 also probably due to organisms or bacterial toxins, and is 
thus responsible for iritis, qrcbtis, episclentis, and retrobulbar 
neuntis Interstitial keratitis has been described m riyxo^ 
detm o\ er feedmg with tbyioid causes exophthalmos \vtde 
p 674} cataract, and amblyopia 
Diseases of the Generative Organs It can scarcely be 
doubted that the profound changes which the generative 
organs, especially in the female, undergo at puberty, in men 
stniation partuntion and the climacteric, are often associated 
with disorders of metabolism and other pathological conditions 
Of these the albuminuric retinitis of pregnancy is the most 
impeccable example among ocular complication'! Loss of 
vision, startmg in retrobulbar neuntis and followed by 
papiilcedema and peripapillary retinal ha?morrhagc, occurs in 
severe cases of hyperemesis gravidarum, probably as part of 
the syndrome of Wermcke’e encephalopathy It may be due 
to some vitamm deficiency, eg, Bj Many other ocular 
complications have been described, e g , conjunctivitis asso 
ciated with the menses, but their relationship to diseases of 
the generative organs is obscure The diseases due to gonor 
rheea and syphilis have been described elsewhere 



SECTION VII 

DISEASES or THE ADNEXA OF TkE EYE 


CHAPTER XXXI 
Diseases of the Lids 

Anatomy The lids are covered anteriorly by skm and 
posteriorly by mucous membrane— conjunctiva tarsi , they 
end m a free edge about 3 mm broad— margo mtermarginaUs 
The substance of the hds consists of muscle, glands, blood 
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vessels, and nerves, all bound together by connective tissue, 
which IS particularly dense at the postenor part, where it forms 
a stiff plate — the tarsus (Fig 332) 

The akin of the lids diffeis from that of the rest of the body 
merely in its thinness, its loose attachment, and the absence 
of fat in Its conum It is covered with fine downy hairs, 
which are provided mth small sebaceous glands and there 
arc also small s\s eat glands At the anterior border the hairs 
are specially difierentiated to form a protection to the eyeball 
The cilia or eyelashes ate strong abort, cutv ed haire, ananged 
m two or more closely set rows Their sebaceous follicles, 
like the cilia themselves, are specially differentiated and are 
called Zeis’s yZaiids Apart from being larger, they ate 
identical with other sebaceoos glands The sweat glands near 
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the edge are also imusuallj large and are known as MolVa 
glands They are sitnat^ immediately behind the hair 
foUicles, and then dncts open into the dncts of Zeis’s glands 
or into the hair follicles not direct on to the surface of the 
skin as elsewhere 

The margm or free edge of the lid is the part between the 
anterior and posterior borders — the mtcrmargmal stnp or 
margo intermargmahs (Fig 333) It is covered with stratified 
epithelium, which forma a transition between the skm and the 
cQn}uncttva proper The antenor border la rounded , the 
posterior, which lies in contact with the globe, is sharp The 
capiUanty mduced by this sharp angle of contact is of import 
ance in the proper moistening of the surface of the e^e 
Immediately antenor to the postenor border is a single row of 
minute orifices just visible to the naked eye These axe the 
orifices of the ducts of the Meibomian glands Between this 
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row of puncta and the antenor border is a fine grey line, which 
18 important m operations m which the lid la split, as it mdi- 
cates the position of the loose fibrous tissue between the 
orbicularis palpebrarum and the tarsus 

The tarsus consists of dense fibrous tissue , it coiitams no 
cartilage cells so that the term tarsal cartilage is only justified 
m so far as it defines the consistence of the plate Imbedded 
in the tarsus are some enormouslydeielopedsebaceous glands, 
the Meibomian glands They consist of nearly straight tubes 
directed vertically, each opening by a smgle duct on the 
margm of the lid The tubes are closed at the upper end, and 
have numerous small ctscal appendages projectmg from the 
•ydflfe fillad. '^anrliilim ‘uptibwinm, 'Uufc 

number from twenty to thirty, being rather fewer in the lower 
than in the upper Iid 

The large bundles of the orbicularis palpebrarum occupy 
the space betv.een the tarsus and the skm The mam central 
band of the levator palpebrm supenons is inserted mto the 
upper border of the torsos , an antenor slip passes between 
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the bundles of the otbiculans to be inserted mt-o the skin of 
the middle of the hd , a postenor slip 15 inserted into the 
conjunctiva at the formx The inferior rectus and oblique 
muscles send fibrous strands forwards into the lower hd to 
be attached to the tarsus and palpebral ligament 

Besides these striped muscles there is a layer of unstnped 
muscle m each hd These constitute the siipenor and mfenor 
tarsal muscles of Muller The fibres of the former arise among 
the stnped fibres of the levator, pass down behind it, and are 
inserted into the upper border of the tarsin? The mfenor lies 
below the inferior rectas and is inserted into the lower tarsus 

The arteries of the upper hd form two mam arches, superior 
and mfenor, the former lymg between the upper border of the 
tarsus and the orbiculans the latter m a similar position 
just abo\ e the hair follicles In the lower hd there is usually 
only one arch near the free edge Thete are two venous 
pJmwj zs AJiih -a poist'tsjsa} istc the ^^hthshnic 

veins, and a pre tarsal opening into subcutaneous veins 

The sensory nerve supply is derived from the tngemmal 
The third nerve supplies the levator palpcbt®, the seventh the 
orbiculans, and the sympathetic Muller’s muscles 

lNrLAT.mATION OP THE Libs 

Almost any of the inflammatory conditions which affect 
the shix in general may attack thehds Erysipelas is dangerous 
m that it may spread to the orbit, leading to cellulitis and 
atrophy of the optic nerve, thrombosis of the cavernous emus, 
or meningitis Herpes ophthalmicus is often mistaken for 
erysipelas , its undaterality, strict localisation to the course 
of branches of the ophthalmic nerve, and the charactenstic 
formation of vesicles should prevent this mistake , permanent 
scarring remains after the attack Eczema of the lids is 
common, especially associated with phlyctenular conjunctivitis 
iqv) in children, and with atropine inritatjon (g v ) Derma* 
titis 13 not uncommonly caused by cosm^.tics e g , such as 
contain oms root and volatile 01b and esfiecially by apphea 
tions for dyeing the lashes Abscesses, "bo^j anthrax pustule, 
and ulcers of various kinds may affect the skm of the bds 
(Edema of the lids may be inflammatory or passive It is 
often associated with clicmosis of the conjunctiva in severe 
conjunctivitis Great oedema is often caused by bites of 
parasites, gnats, &c , and by styes, abscesses, and chancre of 
the lid In unilateral oedema Hie condition of the lacrymal 
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sac aad nasal duct should be investigated , it is otten due 
to Iftctymal abscess Situated above the internal palpebral 
ligament it suggests empyema of the frontal smua , in the 
loner lid empyema of tne antrum Localised Ofdema may 
be due to penostitis of the orbital margin In all cases 
of oedema the condition of the eyeball must be determined, 
with the assistance of Deamarres' retractors if necessarj 
CEdema of the hds may be caused by senous purulent inllam* 
mation of the globe (panophthalmitis), of Tenon’s capsule, by 
phlegmon of the orbit or thrombosis of the cavernous sinus 
Passive cedema may be due to nephritis, heart ilisease, d.c , 
or it may be angioneurotic Chrome thickening of the lids, 
resembling cedema, but harder m consistency, may follow 
recurrent attacks of erysipelas— so-called eofio osrfema 

Blepharitis is a chronic i^ammation of the margins of the 
hds It may manifest itself as a simple hypcnemia, differing 
from that caused by weeping exposure to tobacco smoke, and 
80 on in being more persistent The causes and treatment 
are the same as for the more severe forms of blepharitis True 
blepharitis occurs in two forms In tquamous blephanlit small 
white scales like dandruff, accumulate among the lashes , 
the latter fall out readily, but are replaced without distortion 
II the scales are remov ed the underlying surface is found to 
be Lypensmic, but not ulcerated The condition is probably a 
seborrheea 

Inufceratii'e hUphantis yellow crusts glue the lashea together , 
on removing them small ulcers, which bleed easily, are seen 
around the bases of the lashes The lashes fall out or are 
easily pulled out, and often arc not replaced, or grow m a 
distorted form, owing to injury to the follicles Blepharitis 
causes redness of the edges of the lids, itching, 8orene«is, 
lacrymatioD and ‘ photophobia ” 

The sequel© of the ulcerative form are serious If not 
treated energetically and with perseverance the disease is 
extremely chronic causing or being accompanied by chronic 
conjunctivitis Care must be taken to distinguish true 
blepharitis from mattmg together of the lids by conjunctival 
discharge, in the latter case removal of the crusts reveals 
quite normal Iid margins The ulceration is liable to extend 
deeply, so that the hair follicles ace destroyed Only a few 
small, scattered, distorted ciha are then found {madarosxs) 

Whentheulcershesl thecicatncial tissue contracts Neigh 
bounng hair folbcles are drawn out of place, and a false direc 
tion IS given to the remaimog cilia, so that they may rub 
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agamst the cornea Or the development of cica 

tncial tissue may be extreme, so that the edge of the hd 
becomes hypertrophied and ^oops m consequence of its 
weight (tylosis) 

The lower hd is particularly liable to be displaced by pro- 
longed ulcerative blepharitis The contraction of the scar 
ti'^sne drags the conjunctiva over the margin , the postenor 
lip of the mtermarginal strip instead of being acute angled, 
becomes rounded, so that its capillarity is impaired [viHe 
p 616) Tears then tend to run over (epiphora), a condition 
which IS accentuated if the punctum becomes everted, so that 
it ceases to he in accurate contact with the bulbar conjunctiva 
(tide p 648) The contmual wetting of the skin with tears 
leads to eczema, which is followed by contraction The con 
dition IS made worse by perpetually wipmg the e^es, so that 
cventnahy eciropion is developed This causes stiD more 
epiphora, a vicious circle being set up 

The causes of Wephantis are multitudinous The patients 
are usually children debilitated bom living under poor 
hygienic conditions, or from disease, e g , ansmia, tubercle, 
syphihs, measles, &c The condition may follow chronic 
conjunctivitis, or be induced by the same causes, especial^ 
smoky atmosphere, heat (stokers cooks), late hours, ^ It 
may result from a neglected diplobaciUary blepharo con 
junctmtis It 18 undoubtedly often associated with uncor 
rected errors of refraction, especially hypennetropia and astig 
raatism, which probably act by mducmg reflex hypenemia 
Occasionally parasites cause blephantia, e g , blephantis 
acatica, due to demodex folhculorum, and phthinasis palpe- 
brarum, due to the pediculus pubis, very rarely to pediculus 
capitis In the latter condition the cilia are covered with 
black nits, an appearance being produced which is easily 
recognised when once seen 

Treatment The local treatment of blepharitis must be 
energetic in the ulcerative form The crusts must first be 
removed This is effected most easily by soap and u’ater, 
followed by thorough bathing with hot borax or bicarbonate 
of soda lotion, 3 percent The application softens the deposits, 
BO that they can be picked or rubbed off with a pledget of 
cotton wool "WTien the crusts have been entirely removed the 
surface is covered with an ointment of yellow oxide of mercury, 
ammoDiated mercury, or jchthyol (6 per cent ), which is gently 
well rubbed in for at least five minutes, so as to insinuate it 
into the hair foUicIes These procedures should be repeated 
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three times a day In most cases, if the treatment is earned 
ont properly, there is a speedy core Unfortnnately the treat- 
ment IS seldom earned oat satisfactorily It is useless merely 
to smear omtment on the sariace of tne crusts It must be 
appbed to the inflamed tissues and rubbed well into the lashes 
The treatment should lie contmned for 2 or 3 weeks after 
apparent cure as organisms be hidden m the follicles and 
the inflamm ation is l^ely to recor 
In more severe cases, or when the abo\e treatment is 
improperly done protargol, 15 to 20 per cent should be 
rubbed mto the margins of the bds with a stumpy camel s 
hair brush until a lather is formed , this usually takes fii e 
mmutes Or the surface may be thoroughly cleaned with 
bicarbonate lotion and silver nitrate 2 per cent , painted on 
Daily appbeation of a solntion composed of equal parts of 
0 5 per cent solution of crystal violet and brilliant green m 
equal parts of alcohol and water, or a similar omtment (ung 
tmetonum) has cured some cases All loose lashes should be 
pulled out with epilation forceps If diplobacilh are present n 
zmo lotion and omtment should be used In the norst ca^e^ 
X ray treatment will usually effect a core 
Attention must be directed to the hygietuc surroundings and 
to the general health Errors of refraction must be corrected 
Syphilis A primary sore is occasionally found on the bd 
margins commencing m the conjunctiva It may be caused 
b> a kiss or by remo\TDg a foreign body with the tongue 
There is generally a small ulcer, covered with scanty greyish 
secretion and much mdurated about the base If situated 
near the outer canthus the pre aunculor gland is enlarged, if 
near the inner canthus the submanUaiy, m accordance with 
the distribution of the lymphatic vessels The swellmg of the 
glands 13 alwaj’s suggestive of syphilis or tubercle, but in all 
doubtful cases scrapmgs should be exammed for spirochastea 
and the blood exammed by the Wassennann test If recog 
msed before the glands are affected the sore should be excised or 
destroyed by radium At a later stage calomel omtment should 
be rubbed in An energetic course of constitutional treatment 
TvtfiiYx ix 'mib‘niBiuxirj '3uuilib'ute*mmiidiirf£^ij-iii!s^hito.'li 
Gununata occur in the bds sometimes, and occa«iionally 
may cause enormous thickening of the tarsus (syphUiUc 
tarsilxs) Isolated gumma may be mistaken for a cln^zion 
In syphilitic larsitis the lid may be so swollen and hard that 
It is impossible to evert it The pre-auncular gland is swollen 
1 1 the onset is slow there is btUc pam , sometimes the swelling 
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IB rapid aud very painful Gummata usually respond rapidly 
to appropriate treatment with mercti^ and iodides 
Vaccinia The margin of tie lid w ooeasionally inoculated 
from the recently vaccinated arm of a baby Often the 
inoculated margm m turn inoculates the opposmg margin 
of the other hd Usually the pustule is at the outer canthus, 
and the pre auncular gland is bwoHcu and painful The 
history generally senes to elucidate the case Sometimes 
the cornea becomes affected a keratitis resembling disciform 
hemtitis resulting tea grey disc denser at the margin 

INPLAMJIATION OP THE GlaJJDS OP THE LlOS 
Hordeolum or stye la a suppurative mfiammation of one of 
/-eia’a glaudls (Fig 334) In the early stages the gland becomes 



swollen hard and painful and usually the whole edge of the 
lid is cedematous An abscess forms which generally points 
neat the base of one of the cilia 
The pam is considerable until the pus is evacuated Styes 
often occur m crops or may aUenuite with boik on the neck, 
carbuncles or acne Like these conditions the disease shows 
deficient resistance of the body to the vnvaaionof staphylococci 
It 13 commonest in young adults but may occur at all ages, 
especially in debilitated persona Kot mfrequently it wfll be 
found that faulty drains account for the defective health 
Treatment Hot compresses should be used m the early 
stages ^^eu the abscess pomta it may often be evacuated 
by pullmg out the corresponding cilmm but this is usually 
eCected more patisfactonly by an mcvsion with a smaU knife 
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It should be ixmembcred that such nn incjsion is very painful 
unless nos ocam or novutox has been injected The pus should 
be thoroughly squeezed out and a hot compress applied 
1! crops oi styes occur the general health must rccene 
attention IMien associated with boils or carl unclc« the 
unne should be tested for sugar especjnll^ in adult® Inquin 
should f)c made ns to tht condition of the dram® (alx 
sulphtinta in doses of gr t to gr 1 certain!) docs gocwl in 
sonic cases In obstimto cases a staph) lococcic \nrcine 
prclersbly sboirW be 

Constipation must be counteracted and tonics are useful 
especially non in some form 

Hordeolum mtemum is cotnpantis el) rate It is a sup) ura 



tne inflammation of a Meiboraino gland of exacti) the same 
t)^^ as the hordeolum externum or8t)e It is often nlfed a 
sunpuriting chalazion and some ma) bo due to sccondar) 
infection of a chalazion The inflammatory symj toms are 
more violent than m external stye for the gland is larger 
and IS imbedded in den«e fibrous tissue The pus appears 
as a )eUow spot shining through tie conjunction when the 
hd IS cNcrted It ma) burst through the duct or through the 
conjtrnctira rsrrfy through the eiaa 

Trealinent n the same as for external t)^^ excej t that the 
incision should be made exactl) as for a chalazion (tide t; fra) 
Chalazion {5 jns — Tarsal Cyst Vfibontian C^st) is a chronic 
inflammatory ailection of a 'Meibomian gland The glsnd 
tissue becomes replaced by granulation tis.sue containing giant 
cells , the disease is not caused bj the tubercle bacillus but 
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IS probably caused hy the ciromc tmtatioa 
of an orgamsm of low virulraacc The gland 
becomes swollen, mcreasiag m size very 
gradually and without inflammatory 
symptoms Patients usually seek advice on 
account of the disfigurement (Fig 335) The 
smaller chalazia are difficult to see, but 
ate readily appreciated by passing the 
finger over the skin If the lid is everted 
the conjunctiva is red or purple over the 
nodule, in later stages often grey, or rarely, 
if infection has occurred (ewe Hordeolum 
internum), yellow The grey appearance is 
due to alteration in the granulation tissue 
This IS not very i ascular at any stage, but 
m the later stages the vessels retrogress, 
the nounshment of the tissue fails and it 
becomes converted into a jelly hie mass 
Only under such conditions is the term 
“ cyst ” really applicable Complete spon* 
taneous resolution very rarely occurs The 
contents may be extruded through the con 
junctiva, and in these cases a fungatmg 
mass of granulation tissue often sprouts 
through the openmg, keeping up conjunc 
tival dischai^ and irritation Sometimes 
the granulation tissue is formed only m 
the duct of the gland, from which it pro 
jects as a reddish grey, somewhat translu- 
cent nodule on the intermarginal strip 
{maTtjinal chalazion) 

Chalazia are often multiple or occur in 
crops. They are commoner in adults than 
in children 

Treatment Quite small chalazia may be 
left alone it is very difficult to evacuate 
them satisfactorily fay the ordinary method 
Larger chalazia must be incised and 
thoroughly scraped Tlie conjunctival sac is 
well aniBsthetisedwith 2 per cent pantocam 
and a drop o! adrenaline instilled The lid 
IS then everted and the site of the chalazion 
carefully examined At the point of greatest 
discoloration a few crystals (not many) of 
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Bobd cocaine are placed upon the surface and allo'ired 1o 
dissohe, or i cc of 4 pet cent noocam solution may be 
injected with a hypodermic aytmge subconjuncti^ally m the 
rctrotar°al fold in the vicinity of the chalazion This blocks 
the sensor) nenesuppU cfFccUvch except n hen the chalazion 
IS near the nasal end of the lower hJ, when a small suheu tancoiH 
injection should also be made A vertical incision is then made 
through the palpebral conjunctiva with a shnri> scalpel or 
Beers knife (Fig 336) Any semi fluid contents which mat 
he prcstiit escape A small sharp spoon (Fig 337) is then 
inserted into the orifice and the walls of the cavit) are 
thoroughly scraped The bleeding soon stops, and no dressing 
iH usuall) necessary A simple boric acid lotion is ordered for 
a fen days 

The patient should be named that the swelling will remain 
for a while This is due to the resistant walls, formed by the 
fibrous tissue o! the tarsus , the ca^^t^ is thus 
kept dilated and becomes filled with blood 
Sometimes, especially it the scraping has not 
been sufficient granulation tissue sprouts from 
the wound This must be snippy of! with 
scissors curved on the flat, after application 
of pantocam, tbecanty should be again scraped 
out 

Verv hard chalazia are occasionally met 
with, particularly near the canthi it is pos 
sihle that some of these are true adenomata 
of the glands They may require excision, 
since it may be imjiosBible to scrape them out 
efficiently 

If a marginal chalazion is not treated the 
granulation tissue protrudes &om the mouth 
of the gland and may organise into a greyisli 
somewhat translucent lump of fibrous tissue on 
the lid margin It is disfiguring and rather 
V G 3S“ ~ remove without leav mg an irregu 

‘Jhsrpipoon in the line of the lid It is best treated b| 

diathermy, with a small needle as the active 
electrode A current of 20() — 300 mdhaniperes is passed for 
one second and the operation repeatcil if necessar) 

Asomaues of Position op the Lids 
Trichiasis (^pif, ^ hair) is the condition of <h«tor 

tinn of the cilia so that thev are directed backvrattls oiidrub 
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against the cornea (wrfc p 179) A feis only of the lashes may 
be affected, or the condition may be due to entropion mvolving 
the tvhole margin of the lid It may also 
be caused by congenital disticbiasis (tnde 

P GU) r It) I 

The symptoms are those of a foreign body \ 
continually present m the eye — imtation \ \ X 

pam, con]unct^^al congestion, reflex ble W il 
pharospasra, lacrymation Superficial opa I 

cities and vasculansation of the cornea are Tj 1 1 
produced , recurrent ulcers of the cornea f \t \ 
are not infrequently due to this cause i 

Any condition causing entropion {q v ) V'v/ 
will cause tnchiasis, trachoma and spastic \y 
entropion bemg among the most common l> 

Other causes are ble^ihantis, and the scars L 
resultmg from mjuries bums operations R 

diphtheria Ac U avil 

Trcalmenl Isolated misdirected cilia B w 

may be removed by epilation which must, I ""I 

hoTsever, be repeated every few weeks A ^ 

better mode of treatment is to destroy the ***1 

hair follicle bj diathermy or electrolysis mm 

With the former a fine needle is inserted j 

into the hair follicle and a current of 160 
nulhamp^res is applied for one to tuo |^. 

seconds With the latter the flat positive Ijr 
pole IS applied to the temple , the negative U 

a fine steel needle, is introduced mto the \\^/ 
hair follicle a current of two milliamperes \iy 

lamed The negative polo la detenmned sss-Chataion 
by placmg the ternuoals lo salioe when cUmp useful for 

bubbles of hydrogen are given off by it holding the lid 

The strength of current can be gauged by 
the rate of evolution of ^s It should be ^ng „ phetd on 
remembered that electrolysis is extremely the conjuactiral 
painful' and' tedious , tlic pain may fie jnsu’ sur 

* oil . * rounds the ctuila 

avoided by injectmg novocam mto the 
margin of the hd If the current is of the 
proper strength, the bubbles evolved at the site of puncture 
cai^e the formation of a slight foam, and the lash with its 
bulbous rook can be easily liitM out 
If many cilia ate displaced, oTCrative procedures must be 
rvaortedto Since they are neany allied to those performed 
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for entropjon, which is generally present, they will be described 
later {vide p. 626). 

Entropion (ei*, in, rpiTntv, to turn), rolling m of the lid, 
occurs in two forma, spastic and cicatricial. The symptoms 
are those of the trichiasis (j v.) whfch is induced. 

Spasltc entropon is dae to spasm of the orbicularis. Strong 
contraction of the circularly arranged fibres tends not only to 
approximate the hd margins, hut also to turn them inwards or 
outwards, according to the mechamcal support afforded by 
the globe and orbital contents. If the support is insufficient, 
entropion is produced Tins is well seen when the eyeball has 
been removed, but it also occurs when the globe is deepV set 
owmg to absence of orbital fat, &c., especially if the skin of 
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the lids 13 also redundant. These conditions are found par 
excellence in old people, who are therefore very liable to 
spastic entropion It is also caused by tight bandaging, and 
IS favoured by narrowness of the palpebral aperture (Mepharo 
phimosis) Spastic entropion is almost invariably restricted 
to the low er hd 

Cxcaincnal entropion is caused by cicatricial contraction of 
the palpebral conjunctiva; m the worst forms, found in 
tracboma, the tarsal plate i& also bent and distorted, sometimes 
by atropine, sometimes by hyperplastic, changes. It is an 
exaggeration of the effect produced by the various causes of 
tnchiasis (j v.) 

Treatment of Spastic Entropion If due to bandaging, the 
condition is often cured by simply leaving off the bandage. 
Wearing an artificial eye reliefs the symptoms when the 
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eyeball has been removed In the spastic eutropion of old 
people temporary relief may be obtamed by 
placing a roll of Imt or plaster honzontally 
just above the margin of the orbit, and bandog 
ing it firmly in position . or the hd may be 
slightly everted by painting collodion on the 
skm or by pulling it out with a strip of adhesive 
plaster Injection of 1 cc of ^ per cent 
alcohol subcutaneously along the edge of the 
Ud, with or without cauthoplasty, has been 
advocated (Weekers) 

Permanent relief can be obtained only by 
operation The simplest method is the removal 
of a strip of skm and muscle Pantocam is 
instilled and novocain injected subcutaneously 
An oval iirea of skin with the longansbonzontal 
and varying m width according to the amount 
of entropion aud of superfluous skin is marked 
out with a scalpel or Beer’s knife just below 
the site of greatest displacement The upper 
incision must be close to the margin of the Iid 
(Pig 328) The piece of skin is dissected ofl If h if 
The underlying fibres of the orbicularis are then 11 Jj 
dissected oS with forceps and kmfe, until the Jr ^ || 
tarsus IS exposed Tiro or three sutures should /I Jl 
he inserted ff ^ Ml 

IVheeler’s operation (Figs 341, 312) is less 
likelj to be followed bj recurrence A strip of 
orbicularis 4 mm wide is drawn upi% aids and 
outwards over the malar bone and ecuitcd to the should l>e 
periosteum by catgut sutures, madeofmataJ 

In cases of spastic entropion with much 
blepharospasm canthoplssty is sometimes indicated It con 
sists m widening the palpebral aperture by dividing the outer 
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canthus The lids are separated Tntb the fingere in snch a 
manner as to pnt the canthus on the stretch. One blade o! 
strong blimt-pomted scissors is introdnced as far as possible 



into the conjunctival sac behind the commissure. The entire 
thickness, including skin and conjunctiva, is divided honzon* 
tallj’ by a sin^e cut If only a temporary effect js required, 
no sutures are inserted. If it is desired pemanently to 
enlarge the palpebral aperture, the conjunctiva is suture'd to 
the stan Temporary canthoplasty is sometimes indicated in 



tio S13 — I>ia^ni of modi Fia 344. — Dia^m of modified 
fied Sarenr’a opention for Buitxr'a operation for entropion, 

entropion. 


other conditions than spastic entropion, e y , in simple sev ere 
blepharospasm, such as occurs in phlyctenular conjunctivitis, 
in acute purulent conjunctivitis with much swelling of the lids, 
and in removal of an enlarged eyeball or an orbital tumour. 

TrealmejU of Ctcairicial Knfrojwwi Many plastic operations 
have been deviled for the relief of cicatricial entropion ; only 
the more simple will be described here. The principles 
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governing tke various operations are (1) altering the direction 
of the lashes, (2) tran^Ianting the lashes, (3) straightening the 
distorted tarsus Subcutaneous injection of novocain or a 



general anassthetic is indicated , the former method does not 
obviate all pain, especially if the tarsus la cut 
The simplest procedure is some modification of Burow’s 
operation The lid is everted over the end of a metal lid 
spatula (Fig 340) A horizontal incision through the con 
lunctiva and passing completely through the tarsal plate, 
Imt not through the skm, is made along the whole length 
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of the hd in the sulcus subtat^atis te about 2 — 3 mm 
abo% e the postenot border of the intetmargmal strip (Fig 343) 
Care must be taken not to wound the punctum or canaliculus 
The temporal end of the strip may then be disided by a 
\ertical incision through the free edge of the hd including the 
whole thickness In this manner the edge of the lid is left 
attached only bj akin and when cicatrisation has occurred 
the edge is turned slightly outwards so that the lashes are 
hrecteil awaj from the eye Relapses are not uncommon 
however and the operation maj have to be repeated The 
edge of the hd may be kept everted during the process of 
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healing by means of a apincllc «haped pad of oiled sill. The 
pad IS kept m position by sutures suitably applied 
Fig 314illu8trate8anaItemBti\e operation The incision i« 
made as before The tarwl plate is lared down to a chisel 
edge along the whole length and mattress sutures are paased 
through the plate and hd margin emerging through the grey 
line (p G16) they are tied over glass beads thus bending the 
hd margin forwards and upuard« 

In the Jaesche Arit operation the zone of hair follicles is 
transplanted to a slightly higher position The hd is split from 
the outer canthus to just outside the punctum along the grey 
me {vide p 616) between the lashes and the orifices of the 
lleibomian glands During this procedure the globe is pro 
ected by the spatula inserted between it and the lid or held bj 
li I clamp (Tigs 345 346) The inasion extends between the 
ars IS and the orbicularis for s depth of 3 — t mm , so that 
he zone contauung the hair follicles is thoroughly loosened 
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(Fig 347) A crescentic piece of skin is then removed from 
the lid. The lower incision cttends through the skm down to 
the tarsus at a distance of 3—4 mm from the edge of the lid 
end parallel with it for its whole length The middle part of 
the upper incision is 6—8 mm from the edge of the lid. The 
crescentic piece of skin thus marked out is removed, without 
taking any orbicularis The two skm incisions are then 
sutured In this manner the zone of lashes is transplanted to 
a higher level The gaping wound m the mtermargmal strip 
may be filled in with a graft of raucous membrane , this hnds 
to pre%ent the follicles from being drawn dowm again when 
the wound cicatrises Care should be taken not to profluce 
ectropion by removing too much skm 
Ectropion, rolling out of the lid, occurs m several forms, the 
chief hemg spastic, cicatncial, senile, and paralj^ic The 
symptoms are due to the epiphon induced and to the chronic 
conjunctivitis caused by exposure In severe cases the cornea 
may suffer from imperfect closure of the lids 
Spastic eciropxon results from blepharospasm when the lids 
are well supported by the globe and when they are short, firm, 
and without redundant smu It la therefore seen m children 
and young patients, and is readily induced by phlyctenular 
conjunctivitis (vide p 168) Mechanical ectropion is caused 
by extreme proptosis or thickening of the conjunctiva, such as 
occurs after purulent conjunctivitis and trachoma In the 
latter disease the tarsus is often distorted Upper and lower 
lids are frequently affected simultaneously 
Cicalnnal ectropion results from destruction of the skin by 
injury, bums, ulcere, gangrene, operations, ic Caries of the 
orbital bones is a common cause m children Chronic conjunc- 
tivitis and blepharitis also cause cicatricial ectropion, which is 
increased by the wetting of the skm with tears and the eczema 
thereby induced 

Senifc ectropion is found only m the lower hd, and is due to 
relaxation of the tissues and degeneration of the orbicular 
muscle fibres The condition i'* increased by the conjunctivitis 
and epiphora which are set up 
Parahjtic ectropion results from the laxity of the lids induced 
by paralysis of the orbicularis Only the lower hd is affected, 
the upper being kept in contact ivith the globe by its onm 
weight 

In long standing cases of ectropion the exposed conjunctiva 
becomes dry and thickened, red and very unsightly 
Treatment Non operative treatment is chiefly serviceable 
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m spastic ectropion Hereavrell fitting bandage, unlesscontra 
indicated by other factors, will often cure the displacement 
In ectropion paralyticum, the condition is cured only by 
restoiation of the innervation The ahghtei degrees of senile 
ectropion are also amenable to non-operatne treatment, 
though it may be advisable to slit the canaliculus in order to 
cure epiphora (wde p 649) The patient should be instructed 
not to poll the lid down when wiping the eye 
A large variety of operations has been devised for ectropion 
only the simpler procedures will be described 
Snellen a sutures ate indicated in some cases of spastic and 
senile ectropion In this operation two loops of thread, 
mserted at the junction of the middle with the inner and outer 
thuds of the lid through the ectropionised conjunctiva, ate 



Fio 34S — Disgrani oC SaeUen s sutures for ectropion. 

made to hold the forms m its proper position (Fig 348) A 
silk thread is armed with a needle at each end One needle is 
passed in at one of the two spots indicated at the level of the 
top of the tarsus te m the position where the fonux ought to 
be The needle is passed vertically downwards under the skin 
and brought out just below the level of the orbital margm 
The other needle is inserted similarly 2 or 3 mm to one side of 
the first, and is earned down parallel with it The second 
suture IS inserted in exactly the same manner at the junction of 
the middle with the other third of the hd The sutures are 
then tied o\ er pieces of rubber tubmg laid vertically, the ectro 
pionised formx bemg thus drawn down into its normal position 
The sutures may be tightened from day to day so as to cause 
the formation of cicatricial bands along their tracks this was 
more effectual m the days when antiseptic precautions were not 
obseii ed The effect is seldom permanent 
Id paralytic ectropion lateral t^orrhaphy may be indicated 
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In this operation the palpebral aperture is shortened by uniting 
the lids at the outer canthas. The edges of the upper and lower 
iids are freshened for the requisite distance, the lashes being 
excised. The lids are then sutured together as in central 
tarsorrhaphy {mde p 227). The lower lid margin can be 
raised and the cornea better protected by using a strip of 
fascia lata 3 mm. wide sutured to the medial palpebral iiga- 
raent and run subcutaneously beneath the lower lid margin 
and upwards and outwards over the malar bone : it is secured 
m the temporal fascia by neavmg it in and out three or four 
times and then fixing it with catgut sutures Small incisions 



Fios. 349, 350.— DunnKT’* modification of KuhnVa opentian for 
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ate necessary over the palpebral hgaraeiit, below the outer 
canthuB, and over the temporal mu^le at about the level of 
the highest point of the snpraorbital niacin A fasciatome is 
needed for taking the graft and a special instruinent for 
threading it subcutaneously 

In many cases of ectropion, especially scmle, the lov, er lid is 
stretched and elongated. The ectropion may then be cured 
by shortening the lid as m Dimmer’s modification of Kuhnt’s 
operation (Figs 349, 350) A triangular piece of conjunctiva 
and tarsus is excised, the apex of the triangle being towards 
the fornix. The lid is then split along the grey line from the 
triangle to the outer canthus. A triangular area of skin is 
removed at the outer canthus and the skin is slid outwards 
so that the gap in the tarsal plate is closed, the requisite 
length of the margin of the lid at the outer canthus being 
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denuded of cilia Care should be tahen to canj the upper 
skin incision up and out, so that the ltd will be drawn slightly 
upwards It is quite as effectual to remove the triangle of 
tarsus at the outer canthus, and this avoids the necessity of 
splitting the lid 

In most of these operations restoration of the normal 
position IS facihtated by dissectmg off the stnp of thickened 
conjuncti^ a at the margin of the bd 

In the ‘’lighter cases of cicatncial ectropion the V — Y 
operation of IVharton Jones is indicated (Fig 351} A 
V shaped mcioion, with the apex away from the hd margin, is 
made through the skm, the limbs of the V cnclosmg the cicatnx 
The skm is freed from the underlying tissues and is aleo avcU 
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undermmed at the edges The margms of the incisions 
are sutured in such a manner that a Y shaped cicatnx 
re‘5ults the edge of the lid is thus raised to its normal 
position 

More extensive cicatncial displacement requires some form 
of blepharoplastic operation, employing skin grafts (lYoIfe or 
Thiersch) or flaps of skm taken from the cheek or temporal 
region or skm grafts employed Each such case must be 
treated on its own merits and will often exercise the mgenuity 
of the surgeon 

Syfflblepharon (frw, with, together, EKf(^apoi, eyelid) is the 
condition of adhesion of the bd to the globe (Fig 352) Anj 
cause which produces raw surfaces upon two opposed spots of 
the palpebral and bulbar conjunctiva wiU lead to adhesion if 
the spots are allowed to remam in contact durmg the process 
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of hcalmg Such causes are bums from heat or caustics, ulcers, 
diphtheria, operations, &c Bands of fibrous tissue are thus 
formed, stretching between the M and the globe, involving the 
cornea if this has also been injured The bands may be narrow, 
but are more frequently broad, and may extend mto the fomix 
so that the lid is completely adherent to the eyeball o\ er a 
considerable area (symblephaton posterior) Bands limited to 
the anterior parts and not mvolnng the fomix are called 
s^blepharon anterior Total symWepharon, m which the 
hds are completely adherent to the globe, is rare 

Pronounced adhesions cause impairment of mobility of the 
eye, so that diplopia may be complamed of The adhesion 
may be so intimate that it la impossible to close the hds 
efficiently, lagophthalrma, with its baneful consequences, 
lesultmg There is often 
much disfigurement 

Tre^menl The preven 
twn of symblepharoa is of 
the utmost importance {tnde 
p 431) When it is already 
established operation is 
necessary Symblephaton 
anterior is usually easily 
remedied by dividing the 
bands and preventing re 
formation of adhesions m the 
manner already descnbed 
When the bands are broad, 
and especially if there is 
symblephaton posterior, the separation of the hd from the 
globe is difficult There ib no guide to the limitations of 
sclerotic and tarsus and great care has to be exercised lest the 
globe be punctured Ihe prevention of reformation of 
adhesions la much more difficult, and is successful only if 
the raw surfaces are covered with conjvmctival or mucous 
membrane grafts (vide p 431) 

ArfsyloWepbaswsv w eyelid) is. 

adhesion of the margins of the two lids It may be either a 
congemtal condition or due to burns, i.c It may be partial 
or complete, and is often combined with aymblepharon The 
treatment depends upon the amount of symblephaton If it 
IS very extensive operation may be contraindicated In other 
cases the hds are separated and kept apart during the healing 
process If the adhesion extends to the angle of the lids the 
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latter must be covered with an epithelial graft, otherwise the 
condition will recur 

Blepharophtmosis (^Xf^pop eyelid, a muzzle) is 

the condition in which the palpebral fissure appears to be 
contracted at the outer canthus The outer angle is really 
normal, but is obscured by a vertical fold of slan The latter 
is due to eczematous contraction of the skin followingprolonged 
epiphora and blepharospasm Mere natrouing of the palpe 
bral aperture is often called blepharophimosis, and maj be a 
congemtal condition it is really a form of anlcyloblepharon 
The condition may require no treatment, disappearing 
spontaneously after the in^mmation has subsided In other 
cases canthoplasty is indicated 
Lagophthalmia a hare) is the condition of mcom 

f ilete closure of the palpebral aperture when the eyes are shut 
t may be due to narrowing of the lids from cicatrisation or 
congemtal deformity, ectropion, paralysis of the orbiculans, 
proptosis due to exophthalmic goitre orbital tumour, &c , or 
to laxity of the tissues and absence of refiex blinking m people 
who are extremely ill or monbond Owing to exposure the 
cornea becomes epidermoid (xerosis comes) ox keratitis gets 
m The treatment is that of keiatitise lagophthalmo (go) 
Ptosis (iriirTsti', to fall) is the term given to drooping of the 
upper lid due to paralysis or defective dei elopment of the 
levator palpebne supenons Ptosis may also be caused by 
thickemng and increased weight of the lid {vide p 619) The 
condition may be unilateral or bilatera], partial or complete 
In the higher degrees the lid hangs down, covermg the pupil 
more or less completely and interfenng with nsion An 
attempt is made to counteract the effect by o\eTaction of the 
frontalis and by throwing back the head, the eyes bemg pulled 
downwards by the inferior recti A very characteristic attitude 
IS thus adopted Forced contraction of the frontalis causes 
the eyebrows to be raised and throws the skm of the forehead 
into wrinkles Partial ptosis may be masked by this means, 
but becomes manifest if the patient is asked to look up while 
the eyebrows are fixed by finn pressure witb the fingers 
against the bone 

Ptosis may be congenital or acquired The congemtal form 
13 usually but not mvanably, bilateral and is due m most cases 
to defective development of the muscles Some cases have 
been proved to be caused by maldevelopment of the third 
nucleus The condition is not infrequently hereditary There 
18 nearly always defect m the upward movement of the eyes, 
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due partly to absence of the postenor insertion of the levator 
into the forms {vide p 617), partly to coincident maldevelop 
meat or defective innervation of the superior rectus It may 
be pointed out here that defective upward movement of the 
eyes is the commonest congenital defect of bilaterally associated 
extrinsic muscles 

Acquired ptosis is usually unilateral It may be part of the 
symptom complex of paresis or paralysis of the whole of the 
third nerve, or may be due to paresis or paralysis of the branch 
supplying the le^ator Isolated ptosis without other signs of 
oculomotor paralysis may result from disease of upper level 
centres (cerebral ptosis) Acquired ptosis may also be due to 
direct injury of the muscle or its nerve supply, as by wounds, 
fractures, Ac Mechanical ptosis is due to deformity and 
increased weight of the Iid brought about by trachoma, 
tumours, &c , it also occurs from lack of support m phthisis 
bulbi, anophthalmia, Ac Bilateral ptosis may occur m the 
acquired form, notably as part of the syndrome of myasthenia 
gravis 

The amount of ptosis sometimes alters with the position of 
the globe, attaining its highest pitch m abduction of the eye, 
its least m adduction or attempted adduction Occasionally 
m both the congenital and acquired forms the lid rises when the 
jaw 13 moved, as m mastication, though it remains immobile 
when an attempt is made to look upwards {vide p 663) This 
IS an example of synkmesis or associated movement 

Treatmenl In cases of paralysis of the third nerve treatment 
must be directed to removal of the cause The fact that this 
nerve is so frequently affected in syphilis must be borne in 
mind , these cases respond to treatment better than others 
In cases of mcutable paralysis and m congemtal and mechamcal 
ptosis the deformity can be removed only by operation In 
complete paralysis of the third nerve operation is usually 
contraindicated on account of the abduction of the eye If 
the ltd is raised in these cases the diplopia becomes manifest , 
simultaneous advancement of the internal rectus may dimmish 
the diulo^Dia and the deformitr, but is unsatisfacto^ and 
unlikely to give a permanent result 

Operations for ptosis ameliorate the condition but seldom 
give permanent results lu slight cases etcision of an elliptical 
area of skin, with or without excision of the undcrlymg fibres 
of the orbicularis, improves the appearance temporanly 

Of the many operations which have been devised (or the more 
severe eases Uess s operation la one of the simplest The eye- 
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brow is shaved An incision is made in the line of the eyebrow 
for 2 5 cm The skin of the lid ts then undermined through thi« 



incision so that it is completely separated from the orbicularis and 
tarsus over its whole area Three silh «utures are then inserted 



’tio ^BowingtswcoiftwHiingeriturv anh'tne tiposwi rectus 

tendoo. 

as «hown m Fig 353 , or the bd mav be r»i«ed by narrow strips 
of fascia lata similarly inserted 

A better but more difiiciilt operation is Greeves's modification 
of llotais' A controlling suture is first inserted in tbe con 
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junctiva immediately aliove the cornea and the eye depressel 
as far as possible by its means The superior rectus tendon and 
its attaclunent to the plobe are then exposed by a horizontal 
incision through the conjunctrta md a silk thread is then passed 
un ler the tendon the two ends of the thread being secured by 
Spencer Wells forceps 

Next the upper hd is everted and tlm conjunctiva above the 
incision seized by forceps and dissected upwards until the upper 
edge of the tarsal plate is exposed 

The upper edge of the tarsal plate appears as fl con\ ex rounded 
bonier this is gripped centrally by catch forceps on each «ide 



Fro 35^ —The dotted 1 nes indicate the pos tjon of the tarsal plate 
tarsal «tnps superior rectos tendon and sotnres when the 
operation is completed (Greevea ) 

of which a thin strip of tarsus i3 cut with a fine pair of bent 
scissors from without mwords and withm outwards respectively 
each strip being left attached centrally fFig 354) the width of 
the uncut area of tarsal plate between the stnpa being about the 
same as that of the superior rectus tendon ns long a strip of tarsal 
tissue as possible should be aimed at A h»o 4 needle threaded 
with No 1 silk IS then passed through the en 1 of one of the 
strips and again through the corresponding edge of the 
superior rectus tendon a '»jroiJar suturo being passed through the 
other strip and the other edge of the tendon (Fig 355) The 
sutures are drawn tight without being tied in order that a jiidg 
ment may bo made of the relative positions of the eye and eyelid 
the position of the edge of the M should be such that it slightly 
overlaps the upper part of the cornea If the position of the lid 
13 judged not to be correct those parts of the sutures which ha\ c 
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been pas&ed tbrongh the tendon «houJd be withdrawn nnd re 
inserted in the tendon m a smtabic position, either higher up or 
lower down as required 

Alter healing has taVen place and all reaction has dmppeared, 
it wiU freqcently be lound that when the eyeball is raised, the 
skia of the upper Iid is apt to fall in an unsightly fold o\ cr the 
lashes , the is flabby and does not «eem to possess a normal 
tone \ horizontal strip of skin of suitable width is remoi«l from 
the upper lid, the position of the lower skin incision corresponding 
roughly to that of the upper edge of the tarsal plate The sutuies 
which join the edges of the sbn incision ate carried through the 
deep tissues in such a wav as to stretch the «kut Oler the tarsus 
and to produce a fold in the skin of the eyelid in the nonnni 
po«ition 

IvjcntrES op toe Lid's 

Injuries of the most vanous lands — contusions, wounds, 
burns, Ac —are very common They must be treated upon 
general principles, but special attention must be directed to 
three pomts— {!) wounds of tbe sbn of the lids, (2) injury of 
the bones of tbe orbit, (3) injury of tbe eyeball 

Wounds m tbe direction of the fibres o! the orbicularis gape 
little and heal without coospicuons scamng , hence surgical 
wounds should be made in this direction as far as possible 
Vertical wounds gape, cause disfiguring cicatrices, and often 
lead to ectropion, or other distortion, especially if there is 
adhesion to the subjacent bone The worst wounds are such 
as seier the lid lerticallrm its whole thickness If they do 
not unite by first intention a notch (traumatic coloboma) vs 
left in the lid margin, and disfigurement, lagophthalmia, and 
epiphora result Vertical wounds seienng the canaliculus 
require special care (tide in/ro) 

Injury to the bones of the orbit may affect the orbital margin 
or deeper parts Fractures involving the maigm maj be 
diagnosed by careful palpation — unevenness, crepitation, Ac 
Fractures of the walls of the orbit often manifest themseh es by 
emphjsana It is due to comroumcation of the subentaneous 
tissues with the nasal air smuses, air bemg forced into the 
tissues on blowing the nose, sneezing, straining, or coughing 
There is great swelling with a peculiar soft crepitation on 
palpation. Fracture of tbe orbital bones maj be toUowed bj 
retraction of the globe (traumatic enophthaunos), or may be 
part of a more serious fracture of the base of the skull In the 
latter eient the optic foramen is often involved, cau^inc 
laceration or compression of the optic nen e (nde p 401) 
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Injuries inrolTing the globe require special care both m 
diagnosis and treatment In e\eiy case of injury of the )ids 
the eyeball must be \ ery carefully cammed Palpation, wbch 
should be very gentle, \nli usually demonstrate considerable 
reduction of intraocular pressure if the eye is injured , it 
indicates rupture of the globe Inspection may be difficult on 
account of excessive awollmg and ecchymosis In such cases 
the eye must be examined at all costa, the bds bemg separated 
by retractors, under an anaathetic if necessary 
Contusions are often more alarming m appearance than m 
reality There is great swelling and ecchymosis both in the 
lids and conjunctiva In all cases a guarded prognosis should 
bo given, for it may be impossible to determine the fuU extent 
of the injury to the orbit (vzde p 668), or the eye {itde p 432) 
Trcalmcnt Simple contusions with ecchymosis teqiiirc only 
cold compresses a simple bone lotion is ordered for cleansing 
the conjunctival sac, and bone ointment to prevent the hds 
from sticking together 

Emphysema should be treated with a pressure bandage, and 
all straining, blowing of the nose, and so on, must be avoided 
Wounds must be thoroughly cleansed with an antiseptic 
lotion and brought together by sutures On account of the 
rich blood supply it is not necessary to make such a wide 
excision of the edges of a wound of the lid as it is elsewhere 
only obviously contused and devitalised tissue should be 
excised As a prophylactic against infection the wound should 
be dusted intb sulphonamide jiowder In wounds invoUmg 
the canaliculus the inner cut end roust be searched for, and the 
canaliculus sht up {vide p 649) If this is not done before 
cicatrisation has occurred cpipbora mil follow, and it will be 
extremely difficult to obtam an entry into the canaliculus m 
order to sht it up Lacerated wounds are likely to leave ugly 
scars and deformity of the hds these must be treated by 
plastic operation If suppuration occurs the abscess must be 
opened and treated on general surgical principles 
Burns It is important to diagnose the degree of a burn 
First degree burns require clcinaing and tbe application of 
sterile saline packs ev ery three hours during tbe day Second 
degree burns should be cleansed, vesicles opened, and dead 
epithelium removed On no account should any coagulant 
such as tannic acid, tannafax, Ac , be used on the lids It 
makes them rigid and imtaobile, so that it is impossible to 
apply satisfactory treatment to the eye, and much distortion 
of the hds follows Gentian violet (2 per cent ) or triple dye 
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jelij (iiile p C89) nia} be u«€?<l nitli ncl^ant^g(* In tnjrd 
degree burns, after thorough cleansing and removal of dcacl 
tissue, a Stent mould is liken of the denuded area and n 
Thiersch graft applied {ndt p 507) \. tcmjxirar) terror 

rhaphy, permitting some access to the conjunctml sac for 
treatment is helpful, and maj be released nhen risk of 
cicatricial ectropion is past A Thiersch graft rclicacs the 
pain considerablj Tbc dressing (ndc p 507) over the graft 
13 not changed for fi\c or more days Cicatricial deformities 
resulting from bums arc correctwl bj plastic operation 

TtruooRS OP THE Lids 

Bcmgn tumours mclude xanthelasma, mollu'cutn warts 
naums, angioma, and other tumours common to the skin and 
cutaneous glauds 

Small clear eysis frequeutlv occur among the lashes in old 

S eoplc, due to the retention of secretion of Moll’s glands They 
isappear if the anterior wall is snipped off 

yellow, €X^o-/ta, a plate) or xanthoma 
IS a slightly raised yellow plaque, most commonly found m the 
upper and lower lids near the inner canthus and often sym 
metrical in the two lids aud on both sides The plaques arc 
most common m elderly womeu The} grow slowl}, and onlv 
require treatment on account of the di'iligureineiit produced 
Thej are sometimes associated with diabetes and excessive 
formation of cholestcnn They may be removed after sub- 
cutaneous injection of novocain, or destrojed b} eIectroI}sis 
or radium 

Mollusntm conlagiostim isn small white umbilicatcd tumour, 
generally multiple A substance resembling sebum can be 
squeezed out of it Each tumour should be squeezed out after 
inf'ision and the interior touched with solid silver nitrate stick 
I^cniis or mole usually pigmented, maj occur on the lids, 
generally affecting the margm and invohing both skin and 
conjunctna Two are often symmctncall} situated on the 
lids of the same e} c, indicating their origin at a time when the 
lids were still united The microscopical appearance is clnrac 
lenstic, consisting of ' nTims cell** ” often arranged in an 
aUeoIar manner The growths \cry rarely take on malignant 
proliferation Thc> may be remoaed b} diatherm} 

//(Pffian^iowia, often also called nxiois, occurs in two forms 
— telangiectasis and caicrnous haimangiomn The formir arc 
bright red or port wme coloured sjiots composed of dilated 
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cnpillanes Tho latter con<iist of dilated and anastomosing 
venous spaces lying in the subcntaneous tissue having all the 
characteristics of erectile tissue , they are not infrequently 
strictly localised as if partially encapsuled They appear 
blmsh when seen through the slan and form a swelling winch 
increases in size on crying loweruig the bead A.c Cai ernous 
hemangiomata are rarely seen m adults partly due to the fact 
that they are generally treated in early life but possibly due to 
spontaneous atrophy of the growth and tluckemug of the skm 
Hcemnngioma often follows the distribution of the first and 
second divisions of the Vth nene It may be associated with 
h-emangioma of the choroid and bupbtfaalmia and also with 
hiemangioma of the occipital cortex causing homonymous 
hemianopia The intracrannl masses may be revealed radio- 
graphically since they often contain calcareous deposits 
^ Telangiectases may be excised if small or treated with 
radium though radium applied near the eye may cause irracln 
tion cataract Electrolysis or carbonic acid snow may also bo 
used Cavernous hromangiomata may be excised preferably 
from the conjunctival surface if small If larger they maj 
be treated by electrolysis It is a good plan to u‘^e electrolysis 
fora time until the tumour js consolidated with fibrous tissue 
and then to excise the mass 
Lymphangioma occurs rarely m the lids 
Symmetrical soft swellings above the inner canthus are some 
times seen in elderly people They are due to prolap'se of the 
orbital fat through an aperture in the fascial septum 
Malignant Tumours include carcinomata and sarcomata the 
former Ixting much the more common rpithebomata 
(sijuamous celled carcinomata) show a preference for spots 
where the character of the epithelium clionges they therefore 
commence generally at the edges of the lids The patients arc 
elder!) the preauncular gland may be enlarged or if the 
grow th IS near the inner canthus the submaxillary lymphatic 
glands Any of the glands of the hd may in rare instances 
undergo carcinomatous proliferation 

Thfuaainnuuiiud. uiab^'iflnAerjJflirJi.aJ. fffrm ti. is. tJm. 'Tr/’jiJlfirJ. 
rodent ulcer (basal celled carcuioma) which shows a prcdilec 
tion for the inner canthus It commences as a small pimple 
which ulcerates If the scab is removed it is found that the 
edges are raised and indurated The ulcer spreads very 
slowly the opitliehal growth extending under the skm m all 
directions an \ pcni tntinj, deeply The surromiding structures 
arc «^raduail) destro}ed hds orbit and bones are invaded 
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The growth is only locally malignant and probably onginates 
m the accessory epithelial stmetures of the shin — hair follicles 
and glands The lymphatic glands are not affected Hodent 
ulcer rarely occurs before forty years of ago, and the rate of 
growth js of the order of years 

Sarcoma is rare , it may be round or spindle-celled» pig- 
mented or non pigmented Round-celled growths, \anously 
described as lymphoma, lympliosarcoma, psendo Icuhiemic 
tumours, Lc , sometimes affect both orbits and all four lids 
causing symmetrical proptosis Occasionally the patients 
show blood changes as m leukiemia but these are usually 
absent The grow tb is slow but continuous, and the eyes are 
lost from lagophthalmia The malignant growths springing 
from naovi are usually called sarcomata 

Treatment Epithelioma and sarcoma must be thoroughly 
extirpated by diathermy at all costs, even if ifc involves 
excision of the globe or exenteration of the orbit Rodent 
ulcer, if small, should be excised If larger, so ns not to be 
amenable to operative treatment without saenffemg a good 
eye, it may bo treated with radium or X rays for a tune, 
provided there is no involvement of the bones Considerable 
improvement, and even cure, has been reported from this 
treatment, but there can be no doubt that the results may be 
seriously misleading The skin surface may show a firm scar, 
while the growth continues to spread beneath the surface 
In any case it is wise to excise the scar freely after radium 
treatment, and for many months to keep a careful watch for 
any recurrence In the later staces extensive plastic operations 
may have to be performed to protect the eyeball Wien this 
becomes impossible the eye must be excised and the morbid 
tissues freely removed 

Congenital Abnobuauties or the Lins 

Symblcphaton, ankyloblepharon, ectropion, entropion and 
trichiasis occur occasionaLy as congenital malformations 
Ptosis IS a fairly common congenital defect 

lipistac'masis iouHAe, «rT»xo«, a row^ is a rare condition 
m which there are two complete rows of cilm often m all four lids 
The posterior row occupies the po<;ition of the Mcibomiaa gland« 
which are reduced to mere sebaceous glands performing the normal 
fanction of lubricating the baiis It causes trouble by rubbing 
agiinst the cornea 

Colobotna of the lid is a notch in the edge of the Ud The 
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gap IS usually situated to the inner side ol tlic middle Ime generally 
a0ccting the upper hd Two or more defects may occur m the 
same lid Somctimea a bridge of skin links the coloboma to the 
globe, or there is a dermoid astride the Innbua at the site of tbe 
coloboma There are often other congenital defects of the eye or 
other parts of the body, eg, coloboma of the ins, accessory 
auricles, &c Some cases are due to incomplete closure of the 
fetal facial cleft, others probably to pressure of ammotic bands 
Occasionally there is a notch at the outer part of the lower hd, 
associated with maldevelopment of the malar bone 
Cryptophlhalmla (jf^wrroc, hidden) is a very rare condition 
m which there is total aokylo and syra blepharon, associated 
with abnormality of the eye and often of the orbit The skin 
passes continuously from the brow over the eye to the cheek 
Microblepharon is the condition m which the lids ore abnoi* 
mallv small Tliey may be absent — aWenhoron These conditions 
usually occur only m cases of microphthelmm, or congenitally 
small eyes hficiophthalmia may be associated with a congenital 
orbxlo-paXpehral cyst, causing a swelling of the lower bd The 
cyst IS connected with the eyebi)), coutains rctinnl tissue in its 
lining, and is due to defective closure of tbe fetal fusure^an 
extreme case of ectatic coloboma of tbe cfaoroid {j w ) The eve 
bill may bo apparently absent (congeniial anophthalmia), but 
there are always miccoHcopic vestiges of ocular tissues 
Epicanthus is a semiluuar fold of eUn, situated above and 
sometimes covering tbe inner canthus It is usually bilateral, 
the eyes are far apart, aod the bridge of the nose is dat It may 
disappear as tbe nose develops It is normal in Mongolian races 
Neurofibromatosis {Syns — Elephanliasts •neuToimiodn, plexx 
form neuroma, van Jteclhnghausen's disease) may affect the lids 
and orbit In typical cases the temporal region is also affected 
The swollen lid and tomporol region form a characteristic picture 
The hypertrophied nerves can be felt through the skm os hard 
cords or knobs The nerve fibres are IitUe changed, the hyper- 
plasia affecting the endo and pen neutiuin In several cases the 
Ciliary nerves have been found affected, both in the orbit, asao 
mated with true glioma of the optic nerve, and inside the globe, 
which m many cases has been buphthalmic Operative measures 
ara seldom satisfactory The choroid and ciliary body may be 
much thickened by layers of dense nucleated fibrous tissue, 
probably derived from the celb of the sheath of Schwann [vide 
p 4 19) Laminated ovoid bodies resembling Paccinian corpuscles 
also occur 



CHAPTER XXXIl 
Diseases of the Lacrymal Apparatus 

Anatomy and Physiology. The lacrymal apparatus consists 
of the lacrymal glands and the lacrymal passages 

The lacrymal glands of each eye consjst of the superior or 
orbital gland, the infenor or palpebral gland, and the accessory 
lacrymal glands or Krause’a glands All are serous acinous 
glanfls scarcely distinguishable, microscopically, from serous 
salit ary glands, mth which they ate morphologically identical 
The superior gland, a bout the size o f a small al moncl. is s ituated 
rathe lacrjT^fbs sa at tb eou terpart of t he or bital plate of the 
frontal bon^j Ten or tVelve'to^OTal'duct# pass from it to 
open' upon the surface of the conjunctiva at the outer part 
of the upper fomiz The inferior gland consists of only one 
or two lobules situateci u^n tne’tburse of the ducts of the 
supenorportion It can lA seen when the eye looks down and 
in after the upper hd has been everted The accessory or 
Krause’s glands are microscopic acini, lying below the surface 
between the foruix and the edge of the tarsus There ate 
about forty two in the upper, six to eight m the lower, fomix 
The ducts of numerous acini unite to form a larger duct which 
opens on to the fornix 

The lacrymal passages consist of the puncta lacrymalia, 
the canaUculi, the lacrymal sac, and the nasal duct {Fig 356} 
The puncfa lacrymaha lie near the posterior border of the free 
margm of the lid about 6 rom from the inner cantfaus Each 
lid has one punctum and one canaliculus The punctum is 
situated upon a slight elevation, larger m elderly people, the 
papilla lacrymalis As already mentioned, this is visible 
under normal circumstances only when the lid is slightly 
'Tnecor/aftwalfis'passesirumYneptmc'tmn 
to the lacrymal sac It is first directed vertically for about 
1 to 2 mm , then horizontally for G to T mm The canaliculi 
usually open separately through the outer will of the lacrymal 
sac The lacrymal sac lies m the lacrymal fossa formed by 
the lacrymal bone When distended it is about 15 mm long 
vertic^y, and 5 to 6 mm wide The fundus extends slightly 
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above the level of the inner tarsal ligament The sac is sur- 
rounded by fibres of the otbiculans The loner end narrows 
as it opens into the nasal dnet. The nasal duct, varying much 
m size (12 to 24 mra long, 3 to G mm m diameter), passes 
downwards and slightly outwards and backwards, bounded 
by the superior masiUa and inferior turbinate, to open at the 
antenor part of the outer wall of the mfenor meatus of the 
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Flo 3S6 — Canalicul! lacrytnal sac and nasal duct 1 3 infraorbital 
nerve, H valveof Hasner av/, antrum, .tnfenor oblique, 

orbfat orbital fat, xnfean inferior canaliculua . {or enc, lacrTmal 
' BAC , X p Ug , internal palpebral licament (turned up) , Jr , frontal 
process ot superior masiUa nnXrf nasal bone, iae./ , lacrimal 
fascia, midtnrd middle turbinate bone, rn/tiirfr, mfenor turbinate 
bone , p , periorbita (Eugene Wolff ” Anatomy of tlie Eye and 
Orbit Lewis London > 

nose. The line of the duct is given by a point just outside the 
inner canthus and the groove between the a!a of the nose 
.Ant^,t.l\p,nhftft4 ^tpayjner.end.of .thc nasal duct is the narrowest 
part. The canaheuh are lined by stratified epithehum, the 
lacrymal sac and nasal duct by columnar epithelium, lying 
upon a cotiutn which contains a venous plexus The mucous 
hnmg forms an imperfect valve at the onfice into the nose 
^e lacTymal secretion is a slightly alkaline 0uid contaming 
sodium chloride as its chief constituent. The orfmary amount 
secreted is just sufficient to moistai the eyeball, and is lost 
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by evapoTation Only tmdei leflex initation, psychical or 
peripheral, is an excess secreted, and this is forced into the 
lacrymal sac and through the nasal duct into the nose during 
the act of winking, when the fibres of the orbicularis contract 
around the sac It must be remembered that xerosis or d^* 
ness of the conjunctiva does not result from extirpation of the 
Bupenor and mfenor lacr3anal glands, the moistening of the 
conjunctiva by Krause’s glands and its own mucous cells being 
sufficient to prevent it Per contra, epiphora docs not result 
from extirpation of the lacrymal sac, except in the pre'cnco 
of psychical or penpheral atmmh to increased secretion The 
tears have some shght antiseptic properties, owing to the 
presence of lysozyme 

Diseases of the Lacrymal Gland 
Diseases of the lacrymal gland ate tare Daarya-cdenxtts 
occurs occasionally, usually going on to suppuration Tubercle 
also occurs here A permanent fistula may result from rupture 
of an abscess in the gland Spontaneous and traumatic 
dislocation of the gland have been described, a swelling being 
formed under the outer part of the upper hd 
Docn^ops is a cystic awellmg in the upper lermx, due to 
retention of secretion owing to blockage of one of the lacrymal 
ducts It can only be distinguished from retention cysts of 
Krause’s glands by its position 
Tumours of the lacrymal gland show a very marked resem 
blance to those of the parotid In A/iialicz’ disease there is 
symmetrical enlargement of the lacrymal and salivary glands 
probably of a lymphomatous nature Both parotid and 
lacrymal glands are enlarged m uveo-parotid mfl^anamation 
{inde p 2T5) Mixed tumours in reality endothehomata, con 
tammg cartilage myxomatous material, &c , are the com- 
monest form Caremomata and sarcomata are i ery rare 
All conditions which cause swelhng of the gland may lead 
to impairment of movement of the eye The globe is pushed 
downwards and mwatds , movement outwards, and espe 
daily outwards and upwards, is limited There may be some 

The rare diseases mentioned above must be treated on 
general prmciples 

Diseases of the Lacbyjial Passages 
Eversion of the lower pupctum occurs from laxity of the lids 
m old age, from chrome conjunctivitis, blepharitis, and any 
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cause leading to ectropion (y t ) It causes epiphora, which id 
turn Qggraiates the condition p 631) 

Ireaimmi In slight cases, especially m old people, the 
eversion may he sufhcientjy counteracted by making a small 
scar in the foniiv just behind and below the position of the 
puncturn This is best done with the actual cautery, a fairly 
deep gutter being made As the cicatricial tissue contracts 
the punctum is pulled inwards towards the 

ff 

If this fails the canaliculus should be sht up, 
the object being to bring the opened dnet into 
apposition With the globe It is therefore most 
important that the canaliculus should be sht up 
through its pa^’enar wall 
The simplest method is the so-called “ three- 
snip ’’ operation The vertical part is opened 
un, and then the horizontal part for 2 mm 
This forms a triangular flap which is snipped off 
u ith scissors 

More extensive slitting of the lower canab 
cuius IS performed as follows — 

Instruments required Nettleship’s dilator 
(Tjg 357) canaliculus knife (Fig 358) The 
best form of canaliculus knife is the modifi 
cation of Weber’s m w hich the probe point is 
straight, not curved foravards as m the original 
instrument (Fig 358) Pantocam » instilled 
into the conjunctival sac and novocain injected 
into the tissues around the canaliculus The 
surgeon stands behind the patient In operat 
mg upon the right side be everts the lower btl 
avith his left thumb With the right hand he 
inserts the point of Nettlesliip’s dilator into 
the punctum passing it directly downwards as 
far as it will go easily, then rotating it out 
wards and pus^ ng it inwards along the canab 
ctt’ms In tins rrjannt': the » dilated. 

The knife is then taken and the probe point is 
passed into the punctum m the same manner, t}«h»p«esB^i 
first downwards, then inwards The back of cuius diUtor 
the knife is directed forwards and slightly 
downwards In this manner, as the knifa is pushed mward, 
the posterior wall of the canabculua is incised "While this 
manceuvre is being performed the bd is kept stretched out- 
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T^ards 80 that the wall of the duct is kept taut agam5t the 
edge of the knife Care must he taken that the edge of the 
knife which IS directed towards the globe does not injure the 
eve though there is little danger of such an accident 
A probe should be passed along the incised canaliculus on 
the day following the operation and occasionally on succeeding 
days so as to present closure of the incision 
Under no circumstances should the canaliculus he slit np 
unless lb is absolutely necessity It should 
neier be slit up more than is absolutely 
necessary 

In some cases of eversion of the lo^cr punctum 
a radical operation for ectropion niaj bo necev 
sarj 

Occlusion of the puncta may be congenital 
which is ertremely rare or cicatncial Epiphora 
IS caused These cases are very difficult to treat 
kn endeavour should be made to slit up tho 
occluded punctum— not (he whole canaliculus 
On inspection no trace o! the punctum may bo 
visible but It IS rare that some evilcnco of its 
presence cannot be seen on romute etamination 
of the normal site with a loupe The point of 
the dilator is inserted at this site and may sue 
ceed in openmg up the punctum sufficiently to 
admit the probe point of the canaliculus knife 
There is usually no difficulty m kmowing when 
the knife is w the duct as it passes on in the 
Fio 3jS — proper direction quite easily If this method 
can*a*euTus permit an entrance the canaliculus may 

te be cut across vertically kVhen blecdmg has 
stopped the inner cut end is examined with a 
loujic and the probe pomt of the knife is inserted into it 
If this also fails and the upper punctum is patent an attempt 
maj be made to pass a small curved probe bj the upper 
punctum into the sac and out into the lower canaliculus 
Occlusion of the canaliculus may be due to a scar (vide 
■{. *0 W/ xn V5. % Wij QK \ihKvi w. ♦Jj/i 

commonest le«s frequent a concretion An tj cl ash usually 
projects somewhat from the punctum and is ea«ily removed 
with forceps Concretions arc masses of the mjcelmm of o 
fungus usuallv a streptothni Thev are removed bj dilating 
the canal cuius and mjecting 10 per cent protaigol 
Congenital anomalies of the puncta and canaliculi arc 
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ociMiomlly met irith. The pimcta may be absent or con- 
stricted ; there may be t-wo pvmota in a lid, generally opening 
into the same canaliculus. Sometimes a groove is found 
instead of a canaliculus. 

Dacryocystitis or inflammation of tbe 
lacrymal sac is not uncommon, especially 
among the lower classes. It is generally 
chronic. There is epiphora, aggravated by 
exposure to wind, &c. Usually there is 
swelling at tbe site of the sac. Often the 
caruncle and neighbouring parts of tbe con- 
junctiva are inflamed. On pressure ov^et the 
sac, fluid regurgitates thiough the poncta, or 
more rarely passes (iown into the nose. The 
fluid may be tears, mucus, or muco-pus ; 
the swelling is often called a mucocelr. 

Bacteriological examination of the fluid 
demonstrates the presence of an extra- 
ordinary number of bacteria — ^staphylo- 
cocci, pneumococci, streptococci, &c. Of 
these the pneumococcus w very frecpiently 
present in virulent form. This fact is of 
supreme importance, since it explains the 
frequency with u'hich hypopyon ulcer arises 
in these cases, and the danger of pan- 
ophthalmitis if any intra-ocular operation is 
undertaken. Dacryocystitis is a constant 
menace to the eye, since minute obrasions 
of the cornea are of almost daily occur- 
reace, and such an abrasion is liable at 
any moment to become infected and give 
rise to an hypopyon ulcer. 

Chronic dacryocystitis is commonly attri- 
buted to the effects of stricture of the nasal 
duct. It is by no means certain that the 

stricture is primary in all these cases •, it is Fjo.35a— Couper-B 

not unlikely that it sometimes resulte from lacrymal prohM. 
the inflammation of the sac or from the 
treatment applied to remedy the daciryocysfcitis. It might 
be anticipated that the infection was frequently derived 
from the nose in cases of ozacna, &c., but investigation tends 
to negative this conjecture. There are, however, many 
undoubted cases in which intractable dacryocystitis has been 
cured by treatment of a coincident nasal inflammation. 
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Obstruction to the lower end of the nasal duct may be caused 
by the pressure of na'al polypi, an hypertrophied inferior 
turbinate bone, extreme deviation of the septum, and so on 
Untreated chronic dacryocystitis never undergoes spontane- 
ous resolution The condition tends to progress, the walls of 
the sac ultimately become atonic, the con 
tents never being evacuated except by 
external pressure In any case an acute 
inflammation may ari«ie, a lacrymal abscess 
being formed This sequel may be caused 
by treatment, an abrasion of the epithelial 
Immg leading to infection of the pericystic 
tissues 

The patients ate usually elderly , and such 
as are exposed to dirt in the coupie of their 
daily occupations Want of personal clean- 
liness IS probably an important factor 
Dacryocystitis may, however, occur in the 
new bom In these cases it is generally due 
to adhesion of the epithelial hmng, ox to 
imperfect canalisation of the epithelial cord 
in which the nasal duct is formed The care- 
ful passage of a small probe once will cure 
these cases Occasionally dacryocystitis m 
babies is extremely intractable 1 am of the 
opimou that most of these cases are tuber 
culous or syphilitic, usually onginating in 
canes of the surrounding bones 
Tubercle of the lacrymal sac also occurs m 
adults as a rare form of dacryocystitis 

Treatment In the new born a simple boric 
lotion should be ordered, and mmute dxrec 
tions should be given for expressing the 
1^0 aeo — *i.uer8 w^hich should be done 

syringe, with '^^^7 frequently Many cases will be cured 
n o z 2 1 e , for hv this treatment If it fails after a fort- 
rught, an anaesthetic should be given and a 
probe passed down fue nasal duct, the 
greatest care being exenased to avoid mjuring the walls of 
the duct It is unnecessaiy to slit up the canaliculus The 
punctum and canaliculus ore dilated with a Nettleship’s 
dflator A small probe (No 1 or 2) is inserted vertically 
downwards into the canaliculus, then passed gently but 
firmly mwards until the pomt is felt against the lacrymal 
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bone Tbe probe is then rotated upwards and towards the 
middle hue and pushed down the nasal duct until jfc touches 
the floor of the nose It should be remembered that the duct 
IS short m the new bom Tbe force required is quite slight if 
rightly applied m the line of the duct {vide p 647) Since 
much harm may be done by had probing these cases should 
be treated bv an expert 

In adults the conjunctival sac should be aniesthetized The 
punctum 13 dilated and the sac syringed out i\ith a iacrymal 
syringc(Fig 360) A moderately fine straight cannula should 
be used The point is inserted into the canaliculus it need 
not pass into the sac Two or three sytingefuls of bone lotion 
are passed Probably the whole of the fluid will regurgitate 
through the upper canaliculus Tbe operation should be 
repeated every day for a fortnight or longer In the majority 



of cases the fluid will pass freely down into the nose m a few 
days 'When this occurs the syringing should be repeated at 
constantly increasing intervals A great number of previously 
untreated cases can be cured m this manner The patient 
should be told to squeeze out tbe contents of the sac fre- 
quently in the intervals between syringing 

The rationale of tins treatment depends upon the fact that 
the walls of the sac and npper part of the duct are inflamed 
The swollen mucous membrane prevents the fluid m the sac 
from passing into the nose The treatment reduces the swelhrg 
and restores the communication If ir is unsuccessful after 
trial for a week or fortnight prota^ol (10 to 20 per cent ) 
should be used for syringing occasionally instead of boric 
lotion 

If syringing fails the condition of the nasal fossro should be 
thoToughlv investigated by an expert and any pathological 
condition likely to cause inflammation or obstruction of the 
nasal duct treated 
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If DO cause is discovered in the nose either excision of the 
laciymal sac or the establishment of permanent drainage into 
theno«ebj’dacr 5 ’ocystorhuiostom 7 mnst 
be undertaken The radical operation, 
properly performefi, completely remo\ es 
the disease, with a mimmum of incon 
\emence to the patient 
Many su^eons treat chrome dacryo 
cystitis by probing The canaliculus is 
sht up, and probes of increasing calibre 
arc passed down the nasal duct into 
the nose (Fig 359) Tbeobjectionsto 
this method of treatment are — (1) it is 
I i \ impossible to probe tbe awoUen and 

1 * ' inflamed duct without injuring the 

walls, (2) such injutj may lead to 
mtecVion oi the sunounding tissues and 
an acute cellulitis , (3) in any case 
healing of the abrasions is accompanied 
by the formation of connectn e tissue, 
which contracts when it organises and 
leads to fibrous stricture instead of 
obstruction by swollen mucous mem 
braoe, (4) probing IS always painful, 
and when once begun has to be con 
tmued fora prolonged period, (5) most 
cases are alleviated only temporarily, 
fresh courses of probmg being requuw 
at mterrab Protargol should never 
be injected immediately after slittmg 
up the canabculus or probing If an 
abrasion of the mucous membrane has 
been caused the protargol miy be 
injected into the subcutaneous tissues 
and violent cellulitis follows Orbital 
cellulitis and atrophv of the optic 
ner\e have been known to result from 
uc^ect o{ this rate E\en if these 
Fio — Statia ds senous results do not follow there is 

lacrymal diiseetor unsightly and permanent staming of 

the skm The«e facts are proof of the 
mjury done to the mucous membnne by probing 

Excision of the lacryinal Sae (J)acTi{octjsifctoiny) js per 
formed as follows Instruments required^ Bard Parker loiife 
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(No 15 blade), fixation fotccps, Briggs’s rcttactor {Fig 361). 
blunt dissector (Fig 362), blunt pointed conjunctival scissors, 
curette, 4 mosquito pressure forceps, 1 catgut 000,000 ligature 
anti 1 suture, 1 gossamer iorse hair suture on eyeless needle, 
1 No 1 u bite Bilk, suture, needle holder, 2 'unal! claw retractors, 
canaliculus rasp, punctum dilator, Ctmper’s lacryraal probes, 
and lacrymal syringe 

The operation can be performed with local anassthesia 
Four drops of pantocam (1 per cent ) are instilled and novutox 



Via 363 — Incuion for etcisioo of the lacr^inal sac The broken lines 
indicate Uie bones and orbital margin . aUo the limits of the con 
junctiral sac 

(2 per cent ) with adrenaline is injected through the skm 
juat above the fundus of the jac pnd along the upper canali- 
culus A second in| eetion is made o bu g the lacry mal crest 
i ov er the s ac, and is carried d^ly a Loqg theSoocIoCthc orbit 
“wh ere the sac joins the nasal duc t It la also necessary to 
J in]ect"d mihiius ot novnto\ into tlie shm of each hd 3 nun 
i'fiom the centre of the hd margin The ipsilateral nasal fo^sa 
1 is sprayed with c ocaine and a drena lng, and ^ay be packed 
iwith ribb on of iho same 

'"drugs 

Tbe_cana!iculi ire fully dilatedMond the kcrynial sne im- 
gated v.ith uarm paline iFne mmims of sterile molted uax 
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impregnated with methylene blue may be injected bo as to 
assist m the identification of the sac. The lids are temporarily 
closed TTith mattress sutures passed through the shin 3 mm. 
from the centre of the lid mnTgins in order to avoid the danger 
o{ an infected abrasion. 

An assistant stretches the skin by moderate traction ^vith 
one finger at the outer canthus and the other on the bridge of 



Fio 304 — Rclitionii of cn^br artotj and vein, any art, nn^^ihr 
artery , any rn , an jnbr vein . i phy , internal t>alp<. bral ligament ; 
iKMii. nosM bone . /r , {fontal proecoa of «npcrior inaMlb lEugcne 
U’olS ’* Anatomy of Che Eye and Orbit '* L»vru, London ) 

the nose A curved incision is made .Jjeginning S mm. nh otc 
the m qlin] palpphrallup mgnt and 3 nuh. lo the nasal side of 
the inner cinthjis ; it is farried vertically downwards for 
^ mm., awf tfien ouCwanfe afong the fine of t&e anterior 
lactymvl crest to a spot 2 ram. below the inferior orbital 
raartnn. The shin of the temporal edge of the incision is 
undermined for. 2 or 3 mm, but not that of the nasal edge, 
owing to risk of wounding the angular vcin-cr its branches. 
The orbicularr* is split m the line of tlie incision, andPriggs’s 
retractor inser'led sh as to retract it w ilh the shin. The lacryninl 
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fascia ia closed and incised along tlie anterior lacrymnl crest, 
thus bringing the bluish sao into view. This ia freed from the 
bone on the nasal side by the blunt dissector (Fig. 3G2) and 
from tbo palpebral ligament, ic., by careful dissection until it 
remains attached only below to the naaal duct. The sac ia 
drawn forwards and twisted two or three times in pressure 
forceps until it tcara away from the duct The upper end of 
the duct IS curetted, and a Couper’s probe passed down into 
the nose. The hds ore now released and the epithelium 





Tia 3Co — Lacrymal sac. 77 , Homer’s nJBscle; ?«c , licrymal bone ; 
laegae, Hct^mai sao. tnf obq . inferior obltque , or6 . orbicuIarU. 
(Eugene Wolff “ Anatomy ol tW Ejo and Orbit *' I.ew»s,I.ondon ) 

lining the canaliouli removed by a canaliculus rasp. The 
orbicularis is sutured with catgut, and the skin incision by a 
continuous subcuticular suture. The eye la irrigated with 
otycyani^ie of mercurv (1 in 10,000} and a drop of merculo- 
chfome (I per cent ) instilled A pyramid-shaped gauze 
dressing, with its apex against the wound is applied firmly. 

Dasryocyslorhnostomy is a mote difficult operation, and is only 
suitable for cases of young or middle-aged adults with dacryo- 
cystitis of comparatively recent origin The early steps of the 
operation are the same as for excision of the sac. An opening is 
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then made through the laoymal bone into the nose The nasal 
raucQsa IS freed and the iacrymol sac incised so as to fashion 
two panels Fig 3G7 shows the sntunng of the posterior panels 
The antenor panels arc similarly sutured, thus coi ering the bony 
aperture with mucous membrane 'When successful this operation 
restores a quasi normal excretion of the tears into the nosc> but 
in many cases the opening from the sac through the bone into 
the nose becomes blocked with granulation tissue 

There is no objection to removing both lacrymal sacs at the 
same operation if there is bilateral mucocele When the 



operation is satisfactorily performed there is no regurgitation 
on pressure over the scar If after a week or two there is still 
some regurgitation, part of the mucous membrane has been 
left behind, and the operation must be repeated Usually it 
IS the fundus of the sac which has been left This lies above 
the palpp.hral ^ henca thn aid.viaa.hi.Utv of divulms the 

ligament m some cases m <nder that a good "vieu may be 
obtamed Sometimes legui^tatwn is due to leavmg the 
-mucous membrane of the upper part of the nasal duct , it will 
not occur if the duct is well curett«l 
In all cases of cataract m which there is a mucocele the 
lacrymal sac should be excised as a prelimmaty to extraction 
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Only some weeks after this OMrotion when there is no trace 
of regurgitation is it permissible to proceed vrith the estrac 
tion A more difficult problem is the presence of a mucocele in 
a case of acute gHucoma Here immediate iridectomy may be 
indicated and admits of no delay In these cases the sac must 
be completely isolated from the conjunctival sac This is best 
effected by passing a ligature round each canaliculus and tying it 
firmly Some surgeons cautense the punctum, thus sealing it 
up with a cicatrix Either procedure may he followed by the 
dei elopment of a Jacxynial abscess butin tliemeantime the in 
dectomy wound has probably healed and in any case the pus is 
evacuated through the skm and not mto the conjunctival sac 



Epiphora usually persists for a time after excision of the 
sac This la due to the chronic conjunetmtis set up by the 
mucocele smee as already stated (p 647) under normal 
conditions the tears evaporate from the surface of the globe 
Hence the post-operative epiphora should be treated by 
astringent lotions Ac , in no case is it necessary in my 
experience toremore theJacrymal^land ashasbeen advocated 
Epiphora ujll however stiU occur on exposure to wind Ac 
and this cannot be avoided 

Lacrymal Abscess maj be due to acute dacryocystitis or to 
suppuration starting in the pencystio tissues The skin 
over the sac becomes red and swollen The redness and 
swelling rapidly extend to the lower bd and upper part of the 
check, so that the condition may be easily mistaken for 
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erysipelas There la severe pain, and often some fever The 
abscess oisually points below and to the outer side of the ’*ac 
owing to gravitation of the pus to the margin of the orbit If it 
opens spontaneously pus continues to be discharged for some 
time, and a permanent fistula is likely to result 

Treatm‘'iU If seen at the beginning of the process an 
attempt may be made to draw the contents of the sac into the 
nose by cocaming the ipsilateral na«al fossa, and inserting a 
tampon soaked in adrenalme (1 id 2,000) o\er the opening of 
the nasal lacxymal duct An injection of 5 minims of adrena 
line {1 m 2,000) la made into the lacrymal sac In seme early 
cases the muco pus can then be coaxed down tbe nasal duct 

Hot bathing should he persevered with and mcision should 
not be resorted to unless tbe abscess is pointing under the 
skm, in nhich case it should be opened by a small incision, 
tbe pus gently squeezed out, a piece of rubber glove dram 
inaerted, and a magnesium sulphate and glyceime dressing 
applied 

If the discharge continues for a long period the cavity 
should be well curetted and again drainecf ^nctimes the 
epithelial lining of the sac is destroyed by the purulent 
inflammation, tbe sac is permanently destroyed, and tbe cure 
IS complete In other cases some of the mucous membrane 
escapes destruction, and a fistula may follow It may some 
times be closed by cautensiog the edges with the galvano 
cautery, but it is better to re open tbe sac along a director 
introduced through the fistula and extirpate tbe remnants 
This procedure should not be adopted until several weeks 
after the acute inflamm ation has subsided 

Stricture of the Nasal Duct has already been referred to 
incidentally It is probable that most intractable fibrous 
Btnetures are caused by probing, though it cannot be asseve- 
rated that they may not anse spontaneously as the result of 
destruction of the epithelium by extension of inflammation 
from the nose or lacrymal sac Occasionnlly bony fitnetures 
occur, usually caused by fractured maxilla, inflammation of the 
antrum, or canes 

Treatment The usual treatment of stricture of the msal 
duct IS dilatation with probes The objections to thi^ treat- 
ment have been mentioned I advocate excision of the 
lacrymal sac in these cases 



CHAPTER XXXIII 
Diseases of the Orbit 

It is uDoece'sary to descrtbe the anatomy of tbe orbit and 
its contents here The student is recommended to revise bia 
knowledge of the subject, paying special attention to the 
reiations of the nasal cavities and tbeir accessory sinuses, and 
to the communications with the interior of the cranial cavity 
by way of the optic foramen and sphenoidal fissure The 
intimate adhesion of the dural sheath of the optic nerve to the 
nails of the optic foramen is of great pathological importance, 
and the relations of tho intraorbital to the intracranial cir- 
culation must be thoroughly appreciated The eye is slung 
in position in the orbit by fascia, one sheet of which, Tenon’s 
capsule, forms a socket m which the globe moves This, 
with the sclerotic, forms a lymphatic space, lined completely 
with endothelium The extrinsic muscles of the eye do not 
perforate this capsule, but invagmate it, the fascia being 
reflected from their surfaces 

The normal position of the eye is such that a straight edge 
applied vertically to the middle of the upper and lower 
margins of the orbit just touches the closed hds over the 
apex of the cornea There are individual variations which 
are of no pathological importance when symmetrical , m all 
cases of doubt the two sides should be compared 

Abnormal protrusion of the globe is called exophthalmos 
(more accurately, exopJuhalnna) or propiosis It is much 
commoner than abnormal retraction or enophthalmos The 
former condition is due to many causes, among which increase 
in the orbital contents and loss of tone of the extrinsic ocular 
muscles are the most important Slight prommence of the 
eyes accompanies high myopia, paralysis of the extrinsic 
muscles, stimulation of Muller’s muscle by cocame, and os 
an idiosyncrasy, especially la very obese people Umlateral 
exophthalmos occurs in orbital cellulitis from any cause, 
thrombosis of the orbital veins with or without implication 
of the cavernous sinus, atteno-venous aneurysm, tumours 
of the orbit and its contents, end orbital htemorrhage or 
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emphysema Bilateral proptosjs occurs in exophthalmic 
goitre, the later stages of thrombosis of the cavernous smus, 
empyema of the accessory sinuses of the nose, symmetrical 
orbital tumours (l^phoma, pseudoleuLmmia), and as a result 
of diminished orbital volume in oxycephaly or “ tower skull ” 
and leontiasis ossium Enophtbalmos is generally due to 
severe injury in which the orbital bones are fractured, or to 
orbital celliditis with mechamcal isetraction by fibrous tissue 
Slight degrees of exophthalmos or enophthalmos are best 
diagnosed by the test with a straight-edge Accurate estimates 
of the amount can be obtained only by special mechamcal 
devices (exophthalmometers) A convenient test is the 
foUowmg The patient is seated, the surgeon standing behind 
him The surgeon holds the patient’s head m such a manner 
that he looks straight down the nose He then rotates the 
head backwards until he can just see the apex of one cornea 
If be can see mote of the other cornea, that eye is relatively 
proptosed 

Orbital Intlammatioh 

PenostiUs is not uncommon, particularly aSectmg the 
margm It is most often due to iniunes, extension of inflam* 
mation from neighbouring parts, tuoercle or syphilis Tuber- 
culous periostitis IS most frequent in childien, syphilitic m 
adults in the former, canes of the bone results , the latter is 
gummatous In traumatic cases the margm is naturally most 
affected, hut a traumatic element is often an excitmg cause in 
the other cases, so that in them also the margin most frequently 
suffers 

^Vhen situated at the margin, the inflamed part is swollen 
and tender , the swelling is intimately connected with the 
bone, so that it cannot be moved over it Syphihtic cases 
usually respond well to treatment The other types generally 
go on to suppuration An abscess is formed, and when it dis- 
charges or la opened rough bone can be felt with a probe In 
tuberculous cases particularly a fistula may result, the edges 
of the aperture being bound down to the bone, so that a 
depressed cica'tnx is lormetl *Tne bstula remains open until 
all the necrosed bone is extruded The cicatnsation may 
lead to displacement of the lid — ectropion, lagophthalmia, and 
so on. 

Periostitis of the deeper parts of the orbit causes less 
defimte signs There is mwe jam of a deep-seated character. 
There may be pioptosis with deviation m the direction of the 
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eye In the case of gnmraa the roof of the orhit is generally 
involved, the deviation of the eye is downwards, and there 
IS rapid loss of movement owing to involv ement of the extrinsic 
muscles There is severe supraorbital neuralgia, which is 
worse at night Often the true nature of the disea'se is only 
discovered by an exploratory operation, or by the evacuation 
of pus The case maj present all the features of orbital 
cellubtis (yr) If the roof of the orbit is involved the pns 
may discharge into the cranial cavity, life being endangered 
by meningitis or cerebral abscess 

Treatment is determined by the mtiological factor In 
syphilitic cases, mercury and iodide of potassium are pushed 
rapidly In traumatic caaes, if suppuration supervenes, the 
abscess is opened, hot fomentations being applied pxeviDusly 
if necessary In tuberculous cases an incision should be made 
early and any carious bone removed, care being taken not to 
encroach upon the cranial cavity 

In deep seated periostitis on exploratory operation roajr be 
necessary, and should not be too long delayed An incision 
18 made through the skm at the margin of the orbit, the knife 
being passed cautiously deep into the orbit along the wall 
The site of the incision is determined by the signs present 
Sums forceps are passed down the track of the wound and 
opened The greatest care should be exercised to avoid un 
necessary damage to the orbital contents, and this is best 
accomplished by keeping closely to the bony wads Special 
care must be taken not to injure the pulley of the superior 
oblique If pus 13 foimd, a small drvmage tube or a strip of 
rubber glove or cyanide gauie is inserted In periostitis of 
th<» inner wall, the bone may be extensively diseased Severe 
operations, involving the opening of the frontal or ethmoul 
sinuses, may be essential, with or without drainage through 
the nose These cases often do renmrkably well They are 
usually tuberculous, and occur most frequently in children 
Exploration of the orbit in children is much more diihoult 
than in adults The eye is relatively much larger in com 
patison with the sire of the orbit, so that there is very little 
room between the globe and the orbital wall In rare cases 
it may bo advisable to perform Kronlein’s operation [vide 
p 673) 

Orbital Cellulitis is purulent inflammation of the cellular 
tissue of the orbit It is due to deep injuries, especially those 
with retained foreign body, or septic operations, e g , enuclea 
tion of the eyeball , extension of inflammation from neigh- 
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bounng parts, especially the nasal smuses and teeth , (aaal 
erysipelas , metastasis in pyajmia, meningitis, infective 
fevers, «5l.c 

There is great swelling of the lids, \vith chemosj® The eve 
IS proptosed, and its mobilit} impaired Pam is severe, 
increased by mov ement of the eye or prcMure upon it Fev er 
IS present, and cerebral symptoras may anse ilovcment ol the 
eye is painful, and there may be diplopia owing to limitation 
of movement ^^slon may not be affected, or it may be 
reduced owing to retrobulbar nciinti« The fundus is dilhcult 
to examine it may be normal or show engorgement of the 
veins and optic neuntis, passing later into optic atrophy An 
ab«ces3 is formed which usually points somewhere m the skin 
of the lids near the orbital margm, or it may empty into the 
fomix conjunctiva? Panophthalmitis may supenene. There 
is mve danger of extension to the meninges and brain, 
leadmgto a fatal i«sue from purulent meningitis or cerebral 
abscess Thrombosis of the cavernous sinus t ) may result 
from orbital cellulitis, and is always difficult to diagnose 
from It 

Treatment Hot bathings, and medical diathermy, if avail 
able, are applied, but must not be rehed upon too’long An 
early incision as in orbital periostitis ( 71 ) is irnTx-tatne 
Even if pus is not reached, the tension is relieved anti a track 
IS prepared for its evacuation 3f the source of infection is 
obscure the nose and other likely seats must be im estigatcd, 
and the primary focus treated The administration of sul 
phonamides by the mouth may be helpful 

Thrombosis of the Cavernous Sinus may be due to erten 
Sion of thrombosis from vanous «ources 

The anatomy of the venous channels which communicate with 
the cavernous sinus is of prime importance for the comprehencion 
of thrombosis affecting it (Figs 363, 369) The superior and 
inferior ophthalmic veins enter it in front and the superior and 
inferior petrosal sinu^s leave it behind It eommunjcatcs directly 
with the pterygoid plexus through the middle meningeal veins 
and the vcm of Vesalms, and indirectly through a communicating 
vein from fhe inferior ophfba'lniic to the pterygoid p'lexus The 
anastomoses of the ophthalmic veins with the frontal and angular 
open up a conunaascation with the face Labyrmthine veins 
opening into the inferior petrosal sinus afford a communication 
with the middle ear Numerons tnbutanes throw it into direct 
or indirect communication with ino«t parts of the cerebrum 
The mastoid emissary veis plaim the sinus in communication 



DISEASES OF THE ORBIT 


CG5 


With the subcTit'tneous ttssaes behind the car through the lateral 
8JDU3 and superior petrosal sinus, it is this communication 
which IS of great diagnostic importance, since swelling behind 
the ear may decide the question of thrombosis m each direction 
along them The sinus of one side communicates with that of the 
other by two (or sometimes three) transverse sinuses which 
surround the pituitary body 

Infection may occur vtd tbe orbital veins— e g , erysipelas 
and septic wounds of the face, orbital cellulitis, and mouth and 
pharynx , from the ear, nose and accessory sinuses , or os a 
metastasis in infectious diseases or septic conditions 

The patient presents almost the same symptoms and signs 
as m orbital cellulitis If m addition there is cedemn m the 



mastoid region behind the ear the diagnosis la certain, for this 
IS due to thrombosis of the emissary vein A further point of 
diagnostic importance is transference of the s^ptoms to the 
opposite eye, which occurs m 50 per cent oi cases, whereas 
bilateral orbital cellulitis is very rare The first si^ is 
paralysis of the opposite evtemal rectus, and this sign should be 
carefully watched for in any suspicious case of inflammatory 
unilateral exophthalmos It must bo rememhered, however, 
that thrombosis of the sinns may be a complication oi 
cellulitis 

There is severe supraorbitnl pain, owing to implication of 
the branches of the ophthalmio division of the fifth nerve, and 
the motor ocular nerves are poresed or paralysed In the 
later stages the eye is immobile, the pupil dilated, and the 
cornea anajsthetic Proptosis occurs m nearly ail cases, but 
13 of late onset in those of otitic ongin 
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It IS commonly stated that the retinal \cms are greatlv 
engorged, but m many cases this is certainly not true Vs hen 
it occurs it IS usually accompanied by pronounced papilliti’s 
and both signs indicate extensile implication of the orbital 
veins and tissues Simultaneous thrombosis of both caaemous 
smu-ses with proptosis and papillitis occurs m diseases of 
the sphenoidal sinuses T}*pical papillcedema is commone«it 
m otitic cases and indicates meningitis or cerebral nb‘5ce<!s 
it IS bilateral and more pronounced on the side of the aural 
lesion 

Thrombosis of the caiemous smus is accompanied by 



rigors vomiting and severe cerebral svmptonis Tlic patient 
almost invanabl> dies Sulphonnmides and heparin injections 
should bo tried 

Tenonitis is inflammation of Tenon’s capsule it may be 
serous or purulent There is exophthalmos straight for 
wards, uath limitation of movement of the globe and pam on 
nitrvxant'ih TE^iwb-mwy tyieiini tA Vnt Vi4s, 

and chemosis It may occur m severe indoc) clitis, and is 
constant in panophthalmitis It may also follow tenotomy, 
«i.c Simple serous tenonitis is rare, and has been attributed 
to influenza gout rheumatism Sj: 

Treatment consists in the application of hot bathings and 
the evacuation of pus, if it forms Tlio appropriate sulpliona 
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mide should be used accordujg to tbe bacterial agent at work 
(vide p G93) ^^Ticn it occurs as part of panophtbalniitis, &.c , 
it requires no special treatment 


DrsTEvsiov or the Accessory Sinuses of the Nose 

The accessory sinuses of the nose — the frontal, ethmoidal 
and sphenoidal sinuses, and the antmm of the superior maxilla 
— ate separated from the orbit only by thin plates of bone 
The orifices which form the commamcation between these 
cavities and the nose are liable to become occluded by catarrh. 



Tio 370 — Distension of the frontal Binu» 


polypi, neoplasms Ac The normal sero mucous dischaige is 
thus unable to dram into the nose The cavities become 
distend^ with fluid and owing to the presence of pyogenic 
orgimsms pus may be formed The treatment of the condi 
tions thus sot up cannot be considered part of the functions of 
the ophthalmic surgeon, but he must be prepared to diagnose 
them^siDce the} not infrequently appear for the first tuuc in 
the ophthalmic dime This is particularly the case in dis 
tension of the frontal ctbmwdal and sphenoidal smuses Of 
these the frontal smus suffers most often 
Distension or empyema of the frontal sinus causes bulging at 
the upper and inner part of the orbit (Fig 370) There may be 
some proptosis and displacement of the e}efaall downwards 
and outwards but these featurca ate raoio marked when the 
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ethmoidal smus is in\ oh ed (Edema of the upper lid or slight 
ptosis may be the onl^ external sign There is considerable 
pain and tenderness, ith se> ere headache There is often dis- 
charge from the nostril of the same side, or manifest disease 
of the nasal cavities Ovring to erosion of the walls of the 
sinus the fluid mav extend under the periosteum, causing 
bulging into the posterior part of the orbit It may escape 
into the opposite sinus and through the infundibulum of that 
side , or it may rupture into the orbit, through the shin, 
fonnmg a sinus, or even into the cramal cavut} Orbital 
cellulitis may be set up in this manner 

The frontal sinus is not developed until about the sixth 
year , the disease occurs roost commonly between twenty five 
and thirtv, and more cases occur in men tlian in women 

Treatment of distended frontal sinus consists in provnding 
free discharge of the contents through the nose In most 
cases a radical cure is effected only by laying open the sinus, 
scraping away completely the diseased mucous membrane, and 
passing a dram dovvm into the nose The disease is tedious to 
treat and much disdgurement may follow Displacement of 
the pulley of the superior oblique may lead to diplopia, 
which may persist for scvrctal months or permanently 

Distension of the ethmoidal cells by polypi new growths 
or inflammatoiT products may also cause bulging into the 
orbit and displacement of the globe Diplopia chemosi'i, 
venous engorgement and ptosis may be caused Etbmoiditis 
13 usually associated with nasal discharge It ma} give nse 
to orbital cellulitis, or in less severe cases to retrobulbar 
neuritis The latter is probably more commonly associated 
with inflammation and distension of the sphenoidal cells, w Inch 
lie in close proximity to the optic nerve being sometimes 
separated from it by a very tbin lamina of bone In doubtful 
cases help maj be afforded by o skiagram It has already 
been mentioned that the accessory sinuses of the no‘'e are not 
infrequently the foci from which toxins are disseminated, 
leading to iridocyclitis and other metastatic septic processes 
m the eye (tide pp 273, 341) 

iNJcmrE*! or the Orbit 

Injimes to the soft parts nsuall} arise from penetration of a 
foreign body, which mav he retained The lids and cvelnll 
are frequently implicated The signs depend upon the parti* 
cular structures injured In most cases there is considtrable 
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hajmonhage , as the biood does not find a ready exit exoph 
thaimos may result Extnuasation of blood under the 
conjunctiva and into the lids is common HTsmorrhage may 
result from pressure with forceps at birth It al<o occurs in 
some cases of fracture of the base of the skull Paralysis of 
extrmsic muscles may be due to direct injury or to injury of 
the motor nerves Ihe optic nerve may be severed or retro- 
bulbar neuritis may ensue in either cfl«!c atrophy involving 
the optic disc, follows (vute p 399) or atrophj may follow 
haemorrhage into the sheath of the nerve The nen e may be 
divided either postenor to or rare!), anterior to the entrance 
of the central retinal vessels Avulsion of the disc with the 
formation of a traumatic ‘coloboma ’ or “conus” of the 
disc may occur even without rupture of the sheath of the 
nerve The ejcball may be perforated or contused {nife 
p 432) or dislocated en tnasse Dislocation forwards between 
the lids occurs most often when the blow is directed from the 
outer aide, whore the orbital margin affords least protection 
Insane patients sometimes enucleate their eyes by gouging 
them out with their fingers Sight is not necessarily lost after 
dislocation forwards Retamed foreign bodies are extremely 
liable to set up suppuration and orbital cclJuhtis (j v ) 

Injuries to the bone most commonly affect the margin of 
the orbit Tractures in this locality are easy to diagnose 
from the unevenness of the margin sensitiveness to pressure, 
and sometimes crepitation Emphysema (7 u ) may occur 
The soft parts may be injured by splinters of fractured bones 
Deep fractures may be caused by penetrating wounds or by 
severe contusions falls, &c Fracture of the base of the skull 
may involve one or both optic foramina m which case the 
optic nerve is often severed lacerated or compressed by clot, 
or pulsating exophthalmos (yv) may ensue Blindness 
without ophthalmoscopic signs may be caused in this manner , 
atrophy of the disc follows m three to six weeks (tnde p 401) 

Gunshot wounds of the orbit, wiGiont direct involvement of 
the eye, frequently produce concussion changes which appear 
o^htialmosco^icailt ns coarse tracks of white exudate m the 
retina and choroid large blot hie hromotrhages, and multiple 
small choroidal tears These resolve into den^o white scarred 
areas fringed with pigment with finer pigmentary disturbance 
elsewhere in the fundus The site may give an indication of the 
direction of the track of the missile and assist m localising a 
retamed intracranial foreign body Both eyes should be examined, 
as the missile may have traversed both orbits 
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Treatmenl If there is a wound \t must be cleansed and, 
if necessary probed it should be dusted with sulphonamide 
Absorption of extravasated blood is often \ery slow 
The treatment of a retained foreign body depends upon Us 
situation and the probability of suppuration occurring If 
the foreign body cannot be citneted with case a skiagram 
should be taken If the position is such that \ery serious 
manipulation would be requisite for remo\al and if there h 
evidence that the substance is aseptic, expectant treatment 
may be adopted If suppuration occurs the foreign body 
must be removed and the case treated as one of orbit^ 
cellulitis t ) 

TmtouRS OF THE Orcit 

Orbital tumours are rare Benign growths include dermoid 
cyst dermo lipoma ftirfc p 195) angioma osteoma (Fig 371) 
plexifonn neuroma (tide p 645) merungo encephalocele Of 
these dermoid cysts appear as sncUings under the hd usually 
at the upper and outer angle , they contain sebaceous material 
derived from sebaceous glands in the walls, which arc lined 
intb epithelium and 
possess bair follicles , 
they sometimes contain 
fcotal remnants (teratoid 
cysts) Chmcaily they 
may be mistaken for 
memngo encephalocelos 
which usually occur at 
the upper and inner 
angle, where there are 
most sutures between 
bones In tbc latter — 
(1) the tumour is im 
raorably attached to the 
bones , (2) the hole in 
the bone may be palp- 
able, (3) pulsation, syn 
chronous nilb resjnra 
tion and the pulse and 
increasing on straining, 
can be '^etn ( 1) pressure 
may cause diminution in size due to fluid being pressed 
back into the cranium , (5) exploratory puncture produces 
clear fluid nitb the characteristics of cerebrospinal fluid 
Osteomata start usually from the frontal bone (Iig 371), 
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tlicj are intensely liatd and often largu producing great 
displacement of the glolic 

Malignant tumours of the orbit are iisinHy sarcomata though 
carcinoma derived from the lacxjmal gland {nde p 048) or 
by extension from the nasal mucous membrane also occurs 
All ty{ es o! sarcoma including endothelioma and myeloid 
'arcoma may occur The small round celled growths include 
cases of lymphoma Icuksemic tumours chloroma Lc 

Primary tumours of the optic nerve manifest themselves 



clmically as orbital tumours They are rare and are found on 
anatomical examination to consist of tvo groups — mtra and 
extradural Of these the former ate more numerous (Pig 372) 
They rarely spring from the true nerioua tissue (gliomata 
resembling cerebral gboma not retinal glioma) but usually 
origziiatP m the connective tissue septa derived from the pia 
mater and from the anchnoid sheath (meningiomnta) They 
often contain tissue of mucoid typo and are hence describe I 
os m 5 ^o sarcoma &c Probably most arc endotbehomata 
which have undeigone degenerative changes Extradural 
fibromata and fibro sarcomata spring from the dural sheath 
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(Fig 373) All these optic nene tmuouw ore most common 
in children and are locallp malignant, but shoK little or no 
tcndencf to metastasis They may kill the patient by intn 
cramal extension 


Slost orbital tumours cause ptoptosis, which is very rare!) 
straight forwards CTcept in the case of optic nerve tmnouxs 
This 13 an important diagnostic feature The evophthalmos 
increases slowl} and gradually, and is nearly always unilateral 
m rare cases of lymphoma it is bilateral The mobility of the 
eyeball is impaired in the duection towards the position of the 
tumour There is usually 
diplopia from this cause 
PapilUtis may be present, 
especially with optic nerve 
tumours Optic atrophy 
j from pressure on the nerv e 
^ 13 common m the other 

■jk forms The tumour may 
palpable bj the finger 
^ pushed back between the 

I globe and the orbital wall 

lymphatic glands are 
* * / '^2r affected 

^ Careful evammation of 

‘ ^ neighbouring parts—nose, 

7 antrum, mouth (especially 

the naso pharynx, and line 
of the teeth)— must be 
no 373 optic madetodoteOTmetrLcthcr 
neive ( X 1 4) the invasion of the ocLiit is 

secondary or whether the 
growth IS prunanly orbital In doubtful cases an X ray 
examination should be made 



TreaimeTil An exploratory operation and removal of a 
portion of the growth for microscopic examination may be a 
nece^ar^ preliniinaiy to radical treatment It may be 
feasible to remove dermoid cysts and some other benign 
tumours without injury to the globe, though its mobility is 
likely to be impaired in extensive operations As already 
mentioned, many malignant orbital growths show little 
tendencj to metastasis, so that their treatment may be more 
conservative than is usual in other parts of the hod> Thus 
it IS possible in some cases of optic nerve tninonr to remove 
the growth while retaimngtht ig’ebail This can be effected by 
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Kronletn's operation, which w also of utility as an exploratory 
procedure in some cases In it a semilunar incision is made 
vertically just outside the outer canthua, the convexity being 
directed forwards The bone is chiselled through at the upper 
and lower outer angles of the orbit, and bone, muscle and 
skin are reflected baclnTarda m one flap The posterior part 
of the orbit is thus exposed in a manner which is impossible 
by any other method The greatest care must be exercised 
that infection does not occur, since the spongy bone is laid 
open, and there is also danger of meningitis 

In the case of more malignant types of tumour their com 
plete removal is imperative at all costs, and the eye, which 
may be quite normal, may have to be sacnficed In these 
cases, as well as in recurrence or in orbital extension of 
malignant intraocular growths (ghoma of the retma, sarcoma 
of the uveal tract) it may be necessary to remove the whole 
contents of the orbit 

In ereyiteration of the orbit the hds may be retained if they 
are not implicated in the growth, but the free margins, 
carrying the cilia, should always be removed If it is not done 
the lashes are troublesome when the lids become retracted 
into the orbit, as invariably follows If the hds are removed 
the incision is earned through the skin at the margin of the 
orbit in its whole circumference The orbital contents are 
separated from the walls by a periostea! elevator, so that they 
remain attached only at the apex of the orbit The pedicle 
IS then severed with strong scissors, or preferably dia 
thermy, thus avoiding hcemonhage At a later stage it may 
be advisable to apply Thiersch grafts to the walls, since the 
hds and conjunctiva never afford sufficient epithelial covering, 
and the extension of the epithelium over so large a surface is 
a tedious process 

Some of these tumours lespood to irradiation and radium 
treatment by shrmlving, but the ultimate results ate usually 
disappointing Recurrence m the orbit should, however, be 
treated by these means 

Special Forms of Exophthalmos 

Exophthalmic Goitre (Syiw — Crutes’s or Basedow’s Oisease) 
13 one of the commonest causes of exophthalmos (Fig 374) 
The symptom complex mdodes, besides proptosis, enlarge- 
ment of the thyroid ghnd, tachycardia, muscular tremors, and 
raised basal metaboham The proptosis is almost aluays 
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bilateral and may be extreme, leading to lagopbtbalmia and 
its deleteiions consequences (vWc p. 225). There is a peculiar 
state, uith retraction o£ the upper eyelid, so that there is an 
unnatural degree of separation between the margin of the 
two lids (Dalrymple’s sign). Normally, when vision is directed 
downuards, the upper lid moves concordantly with it. In 
this disease the upper lid follows tardily or not at all (von 
Graefe's aign) : this symptom is not alwar's present and may 
occur in other forms of exophthalmos There is diminished 
frequency of winking and imperfect closure of the lids during 
the act (Stellwag’s sign) There may be imperfect poner of 
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convergence (Mobius’ sign), and often the skin of the eyelids 
shows pigmentation Ophthalmoscopically veins and arteries 
may be somewhat distended, hut specific signs are absent. 
One or more of the cardinal symptoms may be absent. The 
eye may become dislocated forwards between the lids, the 
orbicularis contracting m spasm behind it. Keduction is 
effected by separating the hds and bringing them forwards 
over the eye, if necessary after blockmg uie facial nerve with 
novocain 

The chief cause of the dise^ appears to be overproduction 
of thyroid secretion of an abnormal type combined with over- 
activity of the anterior lobe of the pituitarj’ gland. Ibe 
exophthalmos is said to be due to the latter cause, and not to 
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be produced by over treatment witb thyroid extracts or 
thyroid hormone 

Paralysis of extnnsic ocuht muscles, usually the external 
rectus, sometimes precedes the protnistou of the eyes (exoph 
thahmc ophtJmhnoplegia) In these cases th)TOtoxicosi 3 seems 
to be absent, since the thyroid is not generally enlarged and 
basal metaboUsm la normal or subnormal The disorder some* 
times comes on after partial thyroidectomy and may be 
aggravated by injections of thyrotropic pituitary hormone 
The disense is progre^sjve diplopia persists, and the muscia 
may be pale, CEdematous and ewollen to six times their normal 
size More benign cases of paresis accented %nth exoph 
thalmos, however also occor 

It 13 necessary for the ophthalmic surgeon to be able to 
recognise the diseas** Further details of its usual course and 
treatment must be sought m medical text-books 

Pulsating Exophthalmos is generally due to arteno venous 
aneuiysm, the communication taking place between the 
internal carotid artery and the cavernous sinus The eyeball 
IS protruded and the blood vessels of the conjunctiva and bds 
are widely dilated The angular vcm and its branches near 
the inner canthus are very prominent, and they can be seen, 
or more easily felt, to pulsate syDchronously with the artenal 
pulse, smee, owing to the arteno venous communication, they 
are under a:^nal pressure The patient complains of continual 
rurablmg, as of a waterfall, and this can be heard on auscnlta 
tion over the eye or orbit by the surgeon The proptosis is 
diminished by steady pressure on the globe, and may be 
dimmished or abrogated by pressure on the common carotid 
artery of the same side or sometimes only by pressure on the 
carotid of the opposite side Ophtbalmoscopically the veins of 
the retina are greatly distended there may be papillitis with 
defective vision, which may amount to complete bbndness 
There la often considerable pam from stretching of the branches 
of the ^th nerve 

The cause of the arteno venous aneurysm is usually a 
severe blow or fall upon the bead, and is therefore commoner m 
men, but probably in all cases the walls of the artery are 
already degenerated It may occur from syphilitic or other 
artenosclerosis, without discoverable traumatism, especially 
when it occurs in women The €»jphthalinos m rare cases 
subsides spontaneously More commonly it increases, and may 
end m htemorrhage or death from cerebral causes 

Treatment Continuous picssore applied to the carotid 
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artery whicli stops the pulsation usually fails to effect a cure 
Ligature of the carotid has been more successful but recur 
rence of pulsation not infrequently occurs Ligature of both 
internal and CTtemal carotid does not appear to give better 
results The opposite carotid maj also be tied but this should 
not be done for some weeks after the first operation owing to 
nsk to life from cerebral anicmia This procedure also maT 
fail to rebel e the condition and in these cases the distended 
\ems haie been dissected out an operation of considerable 
danger 

Intermittent Exophthalmos occasionallj occurs generally 
when the head is depressed enophthalmos not infrequently 
being present in the erect position The proptosis is mcreised 
by pressure on the corresponding jugular vein It is ascribed 
to varicosity of the orbital veins 
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CHAPTER XXXIV 

The Causes and Prevention of Blindness 

The previous cliapters have dealt clnefiy the diagnosis 
and treatment of already established diseases of the eye An 
equally important braocn of medical science is concerned with 
the prevention of disease, and although this aspect of ophtbab 
mology has hitherto received less attention than it merits, it ought 
not to be Ignored by the medical student or practitioner 
The most disastrous result of ocular disease, short of the 
relatively rare loss of bfe, is blindness. A stndv of the causes of 
blindness tnll enable the student to form a judgment as to the 
comparative danger of venous ocular diseases 
The term “ blindness ” implies inability to perceive Wht ; 
but It IS obvious that many jieoplo who yet retain some aught 
degree of visual capacity are helpless from the economic stand- 
point The Advisory Ooraraittee on the Welfare of the Blind, 
therefore, included among the blind all those who ate “ too bbnd 
to perform work for which eye<?ight is essential ” The Register 
of the Blind for England and Wales, compiled on this basis, 
shows that there were G7 521 blind persons m those areas lu 1935, 
and 8293 in Scotland m 1934 Some 70 per cent of the total 
blind population are over the ago of fifty, and 80 per cent of 
blind persons are unemployable 

The factors producing blindness have a different rate of incidence 
at different ages Thus, m a home for blind infants, Harman 
found about 60 per cent duo to ophthalmia neonatorum, 11 per 
cent, to intraocular inflammations, and 30 per cent to congenital 
defects Statistics of children of sehoed age show that 20—^ per 
cent were blind from ophthalmia neonatoram, 10—20 per cent 
from interstitial keratitis, and 15 — 20 per cent had optic atrophy 
due to various causes, including disseminated choroiditis The 
statistics for adults are very unreliable, owing to defective case 
histones, the impossibility m many cases of determining the 
causes of blmdne‘»3 from examinabon of the patients, and other 
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reasons Iq middle life the high incidence of ophth^mia neona* 
torom 18 still noticeable, choroiditis and optic atrophy are impor- 
tant, while iritis and indocyclitis are markedly advanced m 
relative position Many of these are symptomatic conditions, 
the underlving cause being often syphilis Myopia is a prominent 
{actor, accidents assume a high proportion, end glaucoma appears 
increasing considerably in later life 

The importance of oplithalmia neonttiorum as a cause of blindness 
13 so great that it has been deemed advisable to discuss the 
measures for its prevention earlier m this book (see p 161) 
While there is unfortunately little evidence of any reduction m 
the mcidence of this disease m recent years there is some evidence 
of a reduction in the amount of blindness caused by it. 

Syphilis, both in the congenital and in the acquired form, is 
responsible lor a large amount of blindness Harman found 
definite signs of congenital syphilis in one third of a group of 
1,855 blind children, and m most of these cases congenital syphilis 
was the undoubted cause of the blindness At least 10 — 15 per 
cent of cases of blindness to adults are probably due to syphilis, 
and these figures do not include cases due to vascular disease of 
possible syphilitic origin 

PMycIenulor kerolUis was found to be tbe cause of blindness 
in 3 56 per cent of 1,855 bbnd childreo (Harman) This disease 
and such conditions as bUpbaro^onjunctmtis ate largely due to 
jnsanitary conditions of life They might probably be eliminated 
as causes of blindness by tbe adequate provision for the education 
and treatment of the children in special residential echools, a 
method which has proved eminently successful for trachomatous 
children Measles is another not uncommon cause of blindness 
through corneal ulceiatioa , it emphasises the importance of 
proper treatment of the eyes by tbe medical practitioner 
Trachoma (; v } is, fortunately, now a rare cause of blindoess in 
this country 

Myopia was tbe cause of blindness in 3 per cent of 1,855 blind 
children (Harman), and in 14 per cent of bOl blind persons of all 
ages (Harmau) These figures underestimate the serious distress 
and economic loss due to this cause It is generally agreed that 
myopia is increased by near work (vide Chap XXIV ) Special 
" myope ” classes have been iiKtituted for tbe education ofshort- 
cJul/lren- “ Ih la cQnveniftnt tn clasaity uxjaya. in. twa 
divisions — a ‘ school ’ myopia and a * pernicious ’ myopia The 
former is, ns a rule, low in degree, does not progress beyond a 
certain extent, and is but rarely associated nith other ocular 
changes The fact that ophthalmic surgeons recognise a school 
myopia is the strongest argooent for its prevention by the 
provision of all tho®e measures which are summed up in the term 
‘school hygiene ’ , such as good bghting in classrooms, good 
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These matters reqmre special attention from factory medicai 
ofBcera , bnt of far greater mportance to the ordinary medical 
practitioner is the grave nsL of blindness due to sympathetic 
ophthalmia prodnced by penetrating injuries of the eye “ The 
danger of the development of svmpatbetic ophthalmia should 
alTrays be present in the mind of the medical practitioner, and all 
cases of penetrating wounds of the eye should be placed irame 
djately under the ob«ervation of an ophthalmic surgeon , in no eye 
condition is prompt co-operation between the general practitioner 
and the expert more essential 

(Farther information and recommendations referring to the 
subject of this chapter will be found to the Keport of the Pepart 
mental Committee of the Ministry of Health on the Causes and 
Prevention of Blindness H.M. Stationery Office. 1922 and the 
Report on the Prevention of Blindness, Union of Counties 
Associations for the Blind, 1936 ) 



CHAPTER XXXV 
The Hygiene of Vision 

Apaht from the eooditious which seriously endanger the eye 
sight, discussed briefly m the last ebaptcr, there are many others 
which are liable to impair the efficiency of vision or the health of 
the individual It is well knotra that the use of the eyes with 
unconected errors of refraction or muscle balance, or under 
ansuitable conditions of illumination, Ac , cause ocular pam and 
discomfort (commonly Lnown as ‘ eye strain ”), headaches, 
migraine, and genera! malaise. More serious disorders and 
diseases have been attributed by Bome to these causes The 
exact pathology of " eye-stram ” is unknown, and the raiionale 
o! visual fatigue in the production of ocular and systematic 
disorders is largely a matter of conjecture It is, m the fimt 
place, a safe principle to make the ametropic eye approximate 
07 artificial means as nearly as possible to the eroinetropic eye 
this IS effected by suitable spectacles In the next place it is 
necessary to study the normal licmts of adaptability of the eye to 
vanons conditions of illumination, ho , and to use the knowledge 
thus obtained to prevent these limits being transgressed "When 
we bear in mind the evolution of the visual apparatus in man, 
and the immense increase in the amount and nature of tbe work 
winch it IS called upon to perform m modern civilised life, it is 
surprising that eyes are capable of withstanding the strain 

Errors of Jlefraclwn The correction of ametropia by glasses 
has already been discussed It is evident that theoretically tbis 
correction should be made as early as possible, and especially 
before the increased strain of school life is encountered Much 
advance has been made in this direction in recent years, and the 
routine examination of the eyes of young school children ensures 
the discovery of serious errors Facihties for their correction and 
for the supply of suitable glasses ate now prevalent The most 
difficult problem m this connection is that of myopia, which has 
already been dealt with m Chap XXXIV 

Illuminaiion Normal vision is capable of odaptation to very 
wide ranges of intensitj and quality of illumination Form vision 
13 very defective under dark adaptation and with low intensity 
of illnminatvon As tbe inf enwty is increased and the eye becomes 
light adapted visual acuity inereasea— rapidly at first, and then 
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«e nuttere reqnire epecia! attention from factory medical 
ecrs bat of far greater importance to the ordinary medical 
ctitioner is the pra^e nsh of blindness dae to sympathetic 
ithalmia prodaced by penetrating ininnes of the eye “ The 
igcr of the development of armpstnetic ophthalmia should 
-ays be present m the mind of the medical practitioner and all 
es of penetrating grounds of the eye should be placed imme- 
tely onder the ob<ierration of an ophthalmic surgeon , in no eye 
dition IS prompt cooperation between the general practitioner 
I the expert more essential ’* 

Farther information and recommendations refemng to the 
iject of this chapter will be found lo the Report of the Depart 
ntal Committee of the Sliniitry of Health on the CatLaes and 
ivention of Blindness. H if Stationery Office 1922 and the 
port on the Prevention of Blindness, Union of Counties 
ociations for the Blind 193G) 



CHAPTER XXXV 
The Hygiene of Vision 

Apart from the londitions which seriously endaogef the eye- 
sight, discussed briefly in the last chapter, there are many others 
which are liable to impair the efficiency of vision or the health of 
the individual It is well known that the use of the eyes with 
uncorrected errors of refraction or muscle balance, or under 
unsuitable conditions of illumination, Ac , cause ocular pain and 
discomfort (commonly known as “ eye strain ”), headaches, 
migraine, and general malaise More serious ^sorders and 
diseases have been attributed by some to these causes The 
exact pathology of '' eye-strain ” is nnbnown, and the rationale 
of visual fatigue in the production of ocular and systematic 
disorders is largely a matter of conjecture It is, in the first 
place, a safe principle to make the ametropic eye approximate 
bv artificial means as nearly as possible to the emmetropic eye 
This IS effected by suitable spectacles In the next place it is 
necessary to study the normal limits of adaptability of the eye to 
vanons conditions of illamisation, Ac , and to use the knowledge 
thus obtained to prevent these limits being transgressed When 
we bear in mind the evolntion of the visual apparatus m raan, 
and the immense increase in tbe amount and nature of the work 
which it IS called upon to perform in modern cmlised life, it is 
Bnrpn«mg that eyes are capable of withstanding the strain 

Errors of Itefraclion The correction of ametropia by glasses 
has already been discussed It is evident that theoretically this 
correction should be made as early as possible, and especially 
before the increased strain of school life is encountered Much 
advance has been made in this direction in recent years, and the 
routine examination of the eyes of young school children ensures 
the discovery of serious errors Facilities for their correction and 
for the enpply of suitable glasses are now prevalent The most 
difficult problem in this connection is that of myopia, which has 
already been dealt with in Chap XXXIV 

lllumxmtxon Normal VMon is capable of adaptation to very 
Wide mnjjcs of intensity and quality of illumination Form vision 
13 very defective iindoi dark adaptation and with low intensity 
of illumination As the intensity is increased and the eye becomes 
light adapted visual aciiitj inerea'sos — rapidly at first, and then 
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only vciy sloTrly The incTcase is ptcportional to tlic logantbro 
of the intensity of the illuimnatieo, «o that successive doublings 
or treblings of the illnminalion cause only equal antbmetic 
increments of visual acuity as estimated by the distance at 
winch a standard letter (1 25 mm square) can be read 2 \bovc 
10 foot-candics the increment becomes progressively less For 
ordinary work an illumination of 5 foot -candles suffices, but for 
fine work much higher salues arc desirable (vide p C*^) At 
extremely high illuminations, visual acuity la diminished owing 
to glare It has been found that di«crtmination is increased b} 
using monochromatic light, chiefly owing to the elimination of 
chromatic aberration in the eye , it is best with yellow light, the 
bnghtest part of the photopic spectrum 
There are many factors, however, which influence visual acuity 
besides the intensity of the light Among these is the sire of the 

f iupils, bnt more important is the amount and character of the 
jgbl falling upon pcTipheral areas of the retina Thus, it is 
undesirable that there shaold be too great contrast between the 
areas under observation and suTToumbng areas Thu', self 
luminous figures with radio active paint are very difficult to focus 
tn complete darkness, especially in condition of fatigue A 
brilliantly lUaminated fiefa of work m an otherwise dark room 
causes rapid aUerations of adaptation which are deleterious 
Hence a moderate amount of genera! illumination is preferable, 
and this has the additional advantage that it prevents the forma 
tion of very sharply defined shadows On the other hand, it 
IS Very important that there should be no glaring lights in the 
field of vision , such lights should be carefnily shaded Care, 
too, should be taken to avoid direct reflection of light into the 
eyes Thus, in reading, especially books written on shiny paper, 
and vn working on bright metals, Ac , if the source of light is in 
front of the eyes light is reflected directlv into them This 
IS useless for vuual purposes, and indeed diminishes the contr^'ts 
which are the basis of discrimination Hence the source of 
light should be placed laterally, and preferably to the left hand 
side and somewhat behind the worker Fbckenng lights should 
be avoided 

Various sources of light differ much in intensity and quality 
The natural criterion is sunlight which we are accustomed to 
regard os white light Sunlight differs much, however, m *' white- 
ness,” and lu vntensitv ou different days, at different times of the 
day, and whether direct or diffuse Owing to the adaptability of 
the eye it is difficult to judge the lutensity of a given illurainn 
tion Measurements show that bnght direct sunlight mav ene 
several thousand foot-candles, and an illumination of several 
hundred foot-candles on a well placed desk is quite common One 
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great advantage of daylight )s ita djHaaion , the illumination of a 
room usually comes, not directly from the sun, but from a 
considerable area of sky, and w reinforced by innumerable 
reflections from buildings and other objects Sunlight is much 
richer in luminous radiation of short wave length — blue and 
violet — than any artificial illuminanti, Most modem lUurmnants 
have continuous spectra derived from incandescent solids , the 
higher the temperature the more nearly the ene^ distribution of 
the spectrum approTimatcs to that of sunlight approximation 
to diffuse daylight for purposes of matching colours, etc , can be 
obtained by suitable filters (“daylight lamps’) Incandescent 
gases — such as used m the mercury vapour lamp — have line 
spectra , they therefore mote nearly approximitte monochromatic 
light 

Glare may be regarded as light iq the wrong place The more 
coBCeatrated the light the more disturbing is the effect Glare, 
therefore, varies rather with the intrinsic brilliancy of the light 
than with its intensity Intrinsic bnlbancy la defined as candle 
power per squareinch Cilcar sky has a very lowiotnnsic brilliancy 
~about the same as the candle, viz , 2 fi candles per square 
inch A metal filament has an intrinsic brilliancy of 800 c 
pet square mch, and an ato light 20,000 c per square inch In 
general the ratio of the intrinsic bntliancy o! a source of light to 
chat of the eurroundiog field should not exceed 100 la general, 
the eye works best when the object regarded is surrounded by a 
field illumiaated to the same or slightly less degree The lUumina 
tioa of the field must on no account be higher than that of the 
object Glare is diminished lu artificial interior illumination by 
the use of indirect lighting In this method the light is reflected 
from the ceilmg and suitably curved cornices, so that no direct 
light reaches the eye By it shadows are almost eliminated It 
is a restful, but monotonous mode of illumination , it is quite 
unsuited for certain purposes Thus, sewing is very difficult with 
it, especially the aewing of monochiomatio material, because the 
threads of the texture throw no shadows, and consequently their 
discnmination la made very difficult In semi mduect lighting 
the use of opalescent bowls permits of a certain amount of direct 
illumination 

Jiany modeta ^daasaaaats «04t a. ooosidec&hk amount of ultra 
violet radiation, which is deleterious (t>«fe pp 188, 875) Most of 
this is absorbed by glass, so that the dangers arising from this 
cause are slight and have been much overrated It must be 
remembered, however, that globes absorb an appreciable amount 
of the Inminous energy , e>cn clear glass globes absorb 5—15 per 
cent , and opal globes as much os 10 — 10 per cent The distribu- 
tion of light from artificial ooutces vanes greatly It can be 
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modified by tbe use of refiectore and prismatic (tiolopbano) g\obes 
Too little attention has hitherto been paid by architects and 
others to the position, and chacactets of light sources from the 
hygiemc point of view It is of great importance in the lighting 
of factories and workshops, and especially in that of schools 
There has been great improvement m the lighting of schools, 
factories, shops, streets and houses of recent years, largely due 
to the work of the Illuminating Bugineering Society, which has 
issued a schedule of Recommended Values of Illumination The 
following list gives the general principles upon which they are 
based — 

Recommended 

Foot-candle Value Class of Task 

1 Above 50 Precision work to a high degree of accuracy, 

tasks requiring rapid discrimination , displ lys 

2 25—50 Severe and prolonged visual tasks , discnmma 

tion or inspection of fine details of low contrast 

3 16 — 2o Prolonged cntical visual tasks, such as proof 

reading fine assembling, and fine machine Mork 
i 10 — 15 Visual tasks such as skdled benchwork, sustained 

reading and sewing on light goods 
5 6 — 10 Leas exacting visual tasks, such as casual reodiug 

and large assembly work 

0 4 — fi Work of simple character not involving close 

attention to fine detail 

7 2 — 4 Casual observation where no specific work is 

peifomed 

Reoiii?^ and Writing Considering the vast importance of 
reading and writing in modern life it is surprising that they have 
been so Uttle investigated by physiologists and ophthalmologists 
The forms of printed types are derived from manuscripts, and 
have been modified for technical reasons Further adiance has 
been almost entirely empirical and even in the best presses more 
care has been exercised in obtaining ffisthetic effects than in 
fostenng legibihty 

If we consider ordinary Roman pnnted characters we find that 
all capital letters extend above the line Of the small letters 
thirteen are short eight extend above the line (oscendmg letters), 
and four below the line (descending letters) There are thus 
twice as many ascending as descendii^ letters and in an ordinary 
page of print it will be found that of the long letters about 85 per 
cent are ascending and only 15 per cent descending Examma 
tion of the short letters shows that their most charactenstio 
feature are in the upper parts Hence, m reading, attention is 
specially directed to the upper parts of the letters, as is strikingly 
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demonstrated by covenag the lower parts of a Ime of print with « 
card The print 13 almost 03 legible as if it were uncovered If, 
however, the upper halves of the letters ore covered, zt is almost, 
if not i^uite, impossible to read the print 

The ends of the Imes of which letters are composed are 
commonly emphasised by means of «Bnfs These were doubt- 
less introduced empinc^ly, but the advantage m sharpness of 
definition has a physiological basis They counteract irradiation, 
and hence the visibility of letters la improved if the senfs ore 
triangular 

The tendency of typefounders has been to minimise the differ 
ences between letters, probably with a view to greater reguKnty 
of line and uniformity in appearance For example, round 
letters have been flattened laterally and situate letters rounded 
The loops of b, d, p, and q, have been equalised to o If the 
lower parts of short letters are covered, the similarity in the 
topmost curves of a, c, e, o, s, of n and r, of b and b, or of a and 
p, IS much greater m modern print than in some early 
samples 

Lcgibibty 18 not determined solely by visibibty m the physio* 
logical senae of the term Thus, the emphasis of some lines in 
letters, which originated m the use of reeds and pens for writing 
increases legibility whilst dimimsbiog visibility A child learning 
to read depends upon physiological visibility , hence there shoula 
be little difference between the breadth of the thick and slender 
strokes As facility in reading is acquired, legibility is increased 
by dimimshtog the breadth of the slender strokes and as smaller 
letters are used the diminution must bo more rapid than that of 
the heavy strokes, so that the interspaces may not be unduly 
contracted At the same time, the slender strokes must not 
transgress the limits of visibdity at reading distance, and their 
distribution should be emphasised by suitably formed serifs 
Hence, Jaeger small types are more legible than Snellen’s 

The spacing of the letters and vroids has a considerable effect 
upon legibility Irradiatioo plays an important part here 
Roughly speabng, the interspace between letters should be at 
least as broad as the blanks m m or n, but round letters like o 
and e should have slightly less interspace than squire letters 
Owing to irradiation the witerspacea in general look larger than 
ihey jeally atp,. and two o’s se,oatated bv a yiace look farther 
apart than two u’s separated by the eamo space Javal attributes 
a large part of the “remarkable lability of English bools ’’ to 
the shortness of most English words and the consequent muUi 
plication of blank interspaces Of coarse, the spacing of words, 
and to a less degree of letters in ordinary printing is very 
largely haphazard as far as legibibty is concerned, the mam 
ob}ect of the printer being to obtain general umformity of 
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appearance with ngid equality in the lengths of the lines There 
13 some difference of opinion as to whether “ leading ” or 
mterhnear spacing is beneficial Owing to the design of the 
blocks of type there is always a small space between the lower 
limits of descending and the upper Lmits of ascending letters, 
even -without leading 

A line of pnnt is read in a senes of small jumps At each 
pause a group of about ten letters is more or less accurately 
visualised , the movements are too rapid to permit of nsnabsa- 
tion whilst they are ocemriDg The number of leaps taken by 
the eye remains the same irrespective of the distance of the book, 
60 long aa this is consistent with legibility A child reading 
makes more jumps in a bne than the average, and the same 
applies to people reading a foreign language or correcting proofs 
Attention is directed chiefly to the commencements of wor^, and 
words are not read by letters but by their general configuration 
There is, therefore, a very important psychological factor involved 
in the act of reading, qnite apart from the interpretation of the 
meaning of the words 

Enough has been said to show that reading is a highly complex 
act, and the rules which can at present be devised for the avoidance 
of steam and discomfort involve a multiplicity of factors which 
have not yet been satisfactcrfly comlated 

BandieraJls The same visnsl principles aa bare been dis- 
cussed above underlie the carrying on of maz^ handicrafts and 
industrial procs^ses, but each provides specific problems Por 
some types of very fine work, convex lenses brmging the near 
point to 8 or 9 inches from the eye, combined with appropnate 
prisms, bases in, magnify the retinal images and have been 
found to give much relief 

JTo attempt has been made in this Section to deal exhaustively 
with so extensive a subject as Preventive Ophthalmology, but 
it has been deemed advisable to indicate to the student bow 
innumerable and complex are the appUcations of ophthalmology 
to everyday life 
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PEELiraNARY INVESTIGATION OF THE PATIENT 

Scientific observatiou can only be fostered by methodical 
investigation The stndeot is recommended to study each 
patient according to the following ficheme — 

(1) General condition of the patient 

(2) Position of the head Cbaractcnstic m paralyses of 
extraocular muscles {tnde p 553) 

(3) Face Note asymmetry, facial paralysis, efiections of 
the skin, c y , herpes ophthalmicus, ic 

(4) Position of the eyebrows Vicanous action of the 
froutalis m ptosis {vide p 03G), &c 

(5) Orbits Exophthalmos, enophthalmos, &c 

( 6 ) Eyeballs (o) Position and direction— strabismus 

( 6 ) Jlovemcnte (tnrfc p 51*1) 

(c) Sure and shape-microphthalmia, glaucoma {vide 
p 283), myopia (indcp 518), buphtbalmia (vide p 301) 
staphyloma, &c 

(7) Lids (o) Position — ptosis, ectropion, entropion, i.c 
{b) Palpebral aperture — ^ptosis, eiophtbalmos, An 

(c) Movements — ptosis, exophthalmic goitre, Ax 

(d) Margins — blepharitis, tumours, &c 

(e) Lashes — tricmasis, distichiasis, ALc 
(/) Glands — ^hordeolum, chalazion, &c 

( 5 ) Puncta lacrymaba — eversion, occlusion &e 
(A) Lacrymal sac — swelling, regurgitation, A.c 

( 8 ) Conjunctiva (a) Ocular — congestion (conjunctiva 
and ciliary), secretion, phlyctenules, growths, wounds, &c 

( 6 ) palpebral — congestion, granulations, scare, concre- 
tions, ulcers, A:c 

(c) Phea seituiunans — displacement in pterygium, 
gtoirths, &c 

(d) Caruncle — ^mSammation, granulations, growths, &c 
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(9) Cornea (a) Size — glauconm, buphthalmis, ic 

[b) CJurvatuie — comcal buphtbaimia, anterior stapby 
lorna, abrasions {vide p 85), See 

(c) Surface — comeal reflex, abrasions, ulcers, foreign 
bodira, 

(fZ) Transparency — ulcers, nebul®, keratitis (superficial 
and deep vasculansation, it<Ze p 90), “ k p stnate 
opacity, 

(10) Sclerotic (fl) Cunrature and colour— myopia, stapby 
loma, episcleritis, ^ 

(5) Vessels— ciliary injection, episcleritis, scleritis, Lc 

(H) Anterior chamber («») Depth — (a) shallow — per 

foratmg wound, glaucoma, dislocation of lens, iLc , (S) deep 
— buphthaimia, iridocyclitis, dislocation of lens kc , (y) irre 
gular — ina bombe, dislocation of leM, <Lc 

(6) Contents— cloudy aqueous, hypopyon, hyphema, 
foreign bodies, dislocated lens, Ac 

(12) Itts (o) Colour— muddy m mtis, heterochromia (con 
genital and m mdocychtis) atrophy, ectropion of uvea, 
meUnomata Ac 

(6) Position, especially plane of surface — ms bombe, 
retraction m iridocyclitis, pseudo glioma, Ac 

(IS) Pupils (a) Relative size (tilde p 92) 

(i) Reaction to light— direct consensual oiamtenance 
of constnetion (tnde p 93) 

(c) Reaction on conretgence 

(d) Synechi®— antenor and posterior 

(14) Intraocular tension Increased in glaucoma, uido 
cyclitis diminished m iridocyclitis, perforation or rupture of 
the globe, Ac 

(15) Central vision (vnfe p 130) 

(16) Lens By oblique Ulununation and the ophthalmo 
scope 

(17) Vitreous Opacities fluidity, foreign bodies hamor 
rhage retinitis proliferans ” persistent hyaloid artery Ac 

(18) Fundus (o) Optic disc — blurrmg of the edges swell 

mg cupping colour crescents, Ac ' 

(b) Retinal vesseh. — size, contour, tortuosity, Ac 

(c) General new — retinitis, choroiditis, Ac 

(d) Penphety 

(e) Macula 

(19) Field of vision 
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THERAPEUTIC NOTES 

[The strengths of lohons, are given tn ‘percentages 
1 pet uni gr V to [approximately) ) 

Lids 

Lolvons 3 per cent Scxlium bicarbonate 
3 per cent Borax 

TttMe are used tor dissolving the crusts in blepharitis They may be useil 
jn conjunction with 1 to 2 percent salicylio acid MoSperceot resorcin 
liquor carboms dctergens (tt\ I — it toji) &c 

10 per cent Stiver nitrate 
1 per cent Picnc acid 
1 per cent &tbcylie acid 

These are used for ulcerstiTe blepharitis the excess should be remored 
with cotton wool 

Liquor Tiactorium 

This cosuists of ejual puts of ciyata) riokt (0 5 per cent ) and briUiant 
green <(.1 S per cent ) in equal parte of alcohol and water 

Oinlmenls 2 pet cent Ammoniated mercury 

3 per cent YcUotv oxide of mercury 

These are well rubbed into the lashes for fire minutes three times a day 
efter remoring the cruata in ulcerative blepharitis Alteraative prepara 
tions are 1 per ecot salicylic and 3 per cent, airol Z per cent, resorcin 
3 per cent ichthyol &c 

Triple dyo Jelly 

riis consists of gontun nolct IfJOO brilhaBt green I 400 and neutral 
ftcnfliMne I/IOOO It is a«cfi for bums of tho Uds (u p 041) 

CoNJONCTtVA 

Lotions 3 per cent Bone acid 

1 in 5000 PereWonde of meroury 
1 m 8000 Oxycyanirfe of roercurj 
I per cent MerciiTocIirouic 
1 m 1500 Acnflavme 
1 in 2500 Metaphen 
1 m 2500 Hexyl resorcin 

T) rse are used as cleansing lot onam acute conjunctivitis and have slight 
antiseptic properties they should be mixed with an equal quantity of hot 
water as a rule Mercury compounds occasicmally cause severe derraatitb 
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2 per cent Borax. 

TLvs combined with diloto h^dioeyame *cid (I per «at ), teUeres imU* 
tion in nsdd conjnncUvitt* 

1 per cent Alnro 

\ per cent Zinc sulpliate or chloride 

Ibeae «re Mtnngmt lolaona used m cbromc conjoncliTilis Zin« tobios 
is apeoiaUj ladicat^ ta angular coojonctinlu (7 c) Altonwlive prepara- 
tions are 1 per cent tannia, { per cent copper aulphate. 3 to C per cent 
sodium soioiodol, -) pec cent tine anlpbocacootatc, dc 

1 pet cent Quuune hydtochlonde or sulphate 

This IS recommeaded for membeanons «)n]nnclivjtu Tbe least possible 
amount of dilate sulphuric acid should be osed to dissolre the salt U the 
sulphate is used 

Tigmenh 2 per cent Silver nitrate 

This IS used in acute eoniunctisitis AlUcnatice preparations are 10 to 
40 per cent argyrol, 10 to 40 per cent. ptoUrpol 5 to 10 per cent argen 
taniin dc , tbeseare probahlpnotaocBectnsI (ridcp 1541 

2 to 4 per cent PexcUonde of niercurf in glfcenn and 
water 

This IS occasionallp used u> trachoma it must not be aSoiced to touch 
the cornea Iced eampmaes should be appLed immediatelf after (he 
appbcation u made 

i>ropi The astringent lotions 1&37 be used m the form of 
drops Silver nitrate should not be ordered in this form on 
account of the staining which msf occur from prolonged use 
2 to 4 per cent Cocaine hydrochloride 

This u cued for producing local aoxotbcsia. Conjonctival and corneal 
ansutbesia is complete after ms tiUingfoor drops at loterrals of fire minutes 
Don&g the intcrraU the epes abouM be kept closed on account of the desic 
catuig aHton oa tbe corned epitbebum In iniraocnlar operations one diop 
should be instilled into the opposite eje (nJr p 4SS) It must not be ased 
for hypodermic injection, bot must be replaced br the less toxic norocain 

1 per cent Pantocam 

Tbi dcnr»ti\e of notocaut has largely Tcplaccd tbe use of cocaine, i per 
cent solution pricg an eren stronger and more prolonged amcsthesis thiin 
4 per cent cocaune It does not dilate the pupil nor doll the corneal epithe- 

2 per cent /S Eucam hydiochlonde 
2 per cent Alypin 

These may be used instead of cocsioe They donotdilstetbo pupil and 
are less toxic than cocaine but they cause ooosKle table tasrtiog 
1 to 10 per cent Dionin 

Tiia causes intense tsdema tS the conjonctiTs after prolonged use the 
reaction is slight or absent. The patient eooplaias of a burning sensation 
which qwcUy disappears The fint application should be made by the 
surgeon. The drug stiomlates Uw lymph Bow, and has theftforo b«a 
recommended la a large variety rf cases, #.3 , comeal Mbobs, sclenbs, 
indocycbtis &c It must be used sntii caution 
Salionjuiirtipol Injcctxont — These bare been recommended for the aatne 
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reason as dionin and their valne if any m still unproved Jfany solutions 
have been used StenleS to 10 percent saltsolotion is the beat the ethers 
probably possess no advantage, and are meome cases liable to cause necrosis 
The injectfOfl is made with a hypodermic needle under the bulhar conjunctiva 
as far back as possible above the globe There m considerable reaction and 
pain Not more than 5 to 10 minims ahonld be injected every other day 

Oinlmerds Vaseline 

15 per cent Boric acid ointment 

These are used to prevent the ltds from sticking iogettier and thus causing 
retention of secretion 

1 to 3 per cent Yellow oxide of mercury 

This is used as a stimulant and antiseptic m phlyctenular and chrome 
cOEjunotivitis 

Cornea 

Loixons The same coUyrta as for conjunctival conditions 
are used as cleansing and antiseptic measures The astnngent 
coUyna ate seldom mdicated 

Pigments 1 per cent Silver nitrate 

This 19 indicated m some cases of marginal ulceration ^viie p 233} 

Pure carbolic acid 

Tills 13 lived OSS cautcnsing agent in hypopyon ulcer (nde p 317) 

2?rops These are the ordinary mydnatics and cycloplegtcs 
and m rate cases miotics (wde xtifra) 

Diomn or subconjunctival bypertoiuc saliDe injectioh is eomctimea nsii 
with a view to clciintiR cornoaf nebulas Two per cent fiuorcttein m d per 
cent bicirhonateofsodiam solutionis used forstsiniug ulcers and abrasions 
for diagnostic purposes 

Oinlmenis These are the same as for conjunctival 
conditions 

2 to 5 per cent iodoform xeroform or airol omlment may be used in 
corneal ulceration Dioain (5 to 10 per cent ) and mydnatics may be 
prescribed in ointment form 1 to 6 per cent yellow oxide of mercury 
Ointment is used m gradually increasing strength to aid in the cicarms of 
nebulae and the opacity of lateratiUa) Iceratitu , it may be combined with 
dionin 

Mydriatics anh CycbOPtEOics , JIiotics 

javd Pjidojikpia fvxde p ^ to 1 jicr cent 

Atropine sulphate i to i P®r cc^t. Hyoseme or Scopolamine 
hydrobromide i to | per cent Duboisine sulphate ^ to 1 
per cent Daturme sulphate 

These are twed as drops or ointment in corneal ulcers, intis indocycblw 
4c Atropino is used generally, the othera being employed as substitutes 
when atropine causes irritation Hyoscino occasionally cau-ses delinum and 
should be watched 
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1 pel cent Homatropine hydrobromide, with or without 
2 per cent cocaine hydrochloride 
I to 2 per cent Euphthalnune hydrochloncle 

Thwe are used tor wjTestigstioa of refractioa «od for ophttslmoacopic 
exatmiialion , »Uo for tbe ^Agnuis of syaeebsas (r»de p SCO) »nd occa 
sicmaUj for the diagnoavs of inereased teoasoa (eiJe p 260) For TefraetvoQ 
Bolntioas of the same strength of the bases tn castor oil ere more certain in 
their action 

1 per cent Paredtine 

This dilates the pnpil with wry slight effeet on accooimodatioii 
Lfevoglaucosan is a more powerful mydmtio than atropine 
It consists ot 2 per cent l»eo-totetoty deltanephruv enth 2 per cent 
methyUniinoscetopyrocatechol Two drops ete repeatedly instilled at 
intereals of fifteen nunotes It w an eipensiee drag 

2 per cent Cocaine hydrochloride 

Thu IS osed occastonaUy moU people as a mydnatie forophthaloioseopie 
pnrposes, being less hhely to raua the tensioo, the effect being teadily 
coonteracted by mioUcs 

" Mydricam ” The most powerful mydnatie efiect has been 
obtained by aubconjunctival injection of a nurture of atropine, 
cocaine end aupratenin 

Each 6 muuffl doM of midneam eonauts olalropioe sulphate gr 1/CO, 
cocaine hydrochloride gr f/lQ and hero rotatory suprsrenia gr 1/600, 
with eodinm chlonde gr 1/80 and chlorbutol gr 1/120, m stenliM water 
(FlyBa. Bnt Jl o} Ofhihal , TMI , p 2<»8 1833 ) 

Mtoucs (wfe p 63) J to I pec cent Pilocarpine hydro- 
chloride i to 1 per cent Esenne or Physosbgtmne sulphate or 
salicylate, with or without 1 per cent cocaine hydrocmoride 

These are used in glaucoma (qv ), and occasionally ta other cases (rcif« 
p 223) TheeffeetofcocaioaistoaBSuttheabaorptionof theotherdraz 
0 75 per cent Doryl (carbaramoyl cbolio) u more actiro thaa 2 pec 
cent pilocarpine and less retire than 1 per cent esenne and may be used 
as a substitote for thcee nnotics 

Hot Bathings 

Much better than the usual hot fomentations is the method 
of hot bathing used at Moorfields Eye Hospital A pad of 
cotton wool IS tied into the bowl of a wooden spoon The wool 
13 dipped into a bowl of boiliog water, and is then approxi 
mated to the closed eye As soon as it has cooled sufficiently 
AYslrnfoghtitmo wjutact-wlda^etfiosed^ids As soon as it 
ceases to feel hot the wool is agam dipped in the hot water 
and the process repeated The bathing is continu<=d for 
ten to fifteen minutes, and then a pad of dry warm cotton 
wool 13 bandaged over the eye The hot bathings may be 
repeated frequently 
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TflS Treataient of STPHiuTro Affections 

In casB» ol euspcctetj syphilitic disease of the efo the possibilit y of demon 
Btratmg the pteaence of the Bpirochate ehoidd be borne m nunil More 
generally useful is the apphcatioa of Weasermann’a test, for which the aid of 
a bacteriologist is advisable So ahli syphllitie remedies should be used 
until the test has been applied When the lesion la probably syphibtio the 
patient should be brought rapidly under the lafluLtice of mercury and 
lodino or nisemo compounds Mercury may be given by inunctions, mtra 
muscular injections, or intravenous injections aupplcmcnted if neccssarj 
by admiiustratiOB by the mouth lonfictton is generally employed, and for 
this purpose the oleala of mercury is preferable to tht ordinary mercury 1 
ointment Intramuscular and intTavcnous injections rognire Byems 
technique Intravenous tojeetioo of ealvarsan { ‘ COfl ) NAB, or ite 
equivalent is sometimes remarkatdy successful, especially in tho aeuto stage 
of syphilitic nianifcatations Substitutes for tho ordinary iodides at 
sajodm or iodoglidme tablets (I to 3 i e . 7 to 15 gr three times a day) 
iodipm(30gr of25 pel cent — about 10 gr of potnBsmsa iodide), Ac 


SULFHONAinDC TnERAFY 

The dramatic ed'eet of sulphanilamido m pcurpeml fever lias led to 
extcmivo use of sulphooamides in infective coivdtiion* A combination of 
checQOtherspy with active latmunisatioii may prove particularly effective, 
one or two doses of vaccioo being tidmioistered st 3 to fi day intervals 
after tho sutphonamido has bees gireo Tbo drugs in common use are 
sulphaRllarside, sulpha pyridine sod sulphatbiazolc 

ibuIp^Rirninids (oya—ProDtosiI album, Streptocide, &c) is ssed ss a 
proplAlactic in wouad infection, and lo the treatmeot of hiamolytic etrepto 
coceal Infections, erysipelas, cellulitis, follicular tonsillitis, olitis media 
uienlngorQi.cat ‘ carriers/' and urinary infection with B coft It is inactive 
against all pneumocacci except typo HI. and has little effect on staphjlo 
COCCI it reacbes tuasimum cosiccntration in the blutnl, aqueous and 
Vitreous, in six hours For ptoplwlatis a first dose of 1 6 gram (thTBo 
tablets}, dissolved in hot citric acid (I per cent } or lemon juice, is given 
Odo taolct (0 5 gm ) IS given two hours later Mid repeated ot four hourly 
intervals for four days In order to delay abaorption, the tablets should 
not be cnislied Tbo dosage should not exceed 4 5 gm the Erst day and 
3 gm on subsequent days, up to a total of 13 5 gm Sulphamlamide powder 
(5 to 15 gm ) may be dusted over wounds other than those of the conjunctiva 
and cornea , or a aproy may bo used I or tiraltoent, a Erst doso of 2 gm 
(4 tablcla), dissolved in hot citno acid (I per cent ) or lemon jmee, is given 
Two uncrushed tablets (1 gm ) ore given two bourslater andrcpeatfdst four 
hourly intervals for two days, after which the dose is gradually reduced 
Ibo Interval between doses should not exceed six hours for eevcral days 
Small doses, , 3 gm a day, should bo given for three or four days after the 
clinical condition has become satisfactory ’Hie duration of treatment should 
not exceed ten days, and the total dosage seldom tnoto tlian 35 gm In 
streptococcal infections of moderatu seventy the total dosage in the first 
48 hours need not exceed 4 to 0 gm «. daj 

Sulpha pijrtdine ISijn — A B 693) w of value lo tho treatment of gonor 
rhma, cerebrospinal meningitis, pneumoDia and pneumococcal infections, 
staphylococcal septicmima and gas gaagrene Tho dosage for adult# is the 
same as for sulphaniJamldc they ahotiU bu on a milfc diet, and constipation 
should bo avoided ThoreduceddovagcforlnfiatssuHenngfromophthalfflia 
neonatorara is half of a 0 125 gm tablet four hourly before each feed The 
maximum time required is 60 hours , should there bo marked improveracut 
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earber the drag may be stopped in 4S hours This trestment has been 
Tcry euecesafal in all cases 

Salphtthtaidt is less toxie than eolphsmlamide and solphapyndine, and 
is used for the treatment of staphjlocoMsl infections 


Sekuh and Vaccine Tbeatjient 

In djphtbentio conjanctmtis antitoxio serum must be used The indica 
tions for other sera and Taceioea in the domain of ophthalmology are mneh 
leas precise Antipncumocoecic aeroia for the treatment of hypopjon ulcer 
has proved disappomtmg ^tigonococcic serum has been advocated in 
ophthalmia neonatorum and gonorrhccal ophthalmia In desperate coses of 
septic infection of the eye aft» perforating tround, accidental oroperatlTp, a 
poijralent serum may be employed, or al possbla a vaceine made from a 
culture taken from the eye oral adnunistratioo of sntiibphtbentic serum 
has been recommended in these cases The Taccine treatment of tuber 
entosis is much used ifsny obscure patholopeal conditions in the eye 
suggest the poasifaiUty of a tubereulousongin. Diagnosta may be facibtated 
in some, probably a minority of cases, by the application of von Pirqnet's 
coUceous test iVold Eisner and Calmette a conjunctiral reaction should 
not be (ued Oeeasioually. as in conjunctiral tnbercnlosts, it is possible to 
place the diagnosis beyond doubt by inoculation expenments on ammaU . 
tbs incubation penod, howerer. u lengthy (30 to 30 days) Tuberculin 
treatment u best earned out by a bactcnologisi fimiltAr sntb the technique 

SnocK Tue&apy 

Subcutaneous injection of foreign proteins usually prodoees couaiderable 
febrile raactioa and sometimes loiprorciaent In obscure or recalcitrant 
inflammatory eye diseases Milk is generally used It should be boUed 
tinea for 4 minutes each time Tba uiiital dose it 6 c e injected Intra 
muscularly , tho dose may be Incirased to 10 or IJ e e (1 c c for infants 
under 1 rear, 2 c c op to 5 years and 3 cc up to 10 yean of age) Tbreo 
or four doses are giren at 3 or 3 day interrals 2t is a mse precaution to 
give a preliminary injection of 1 c c to guard ogaisst anaphylactic shock 
Typhoid paratyphoid raceme is also u^ intrarenously and has been 
elfcctire in sympathetio ophtbalmu AntidjpbthentiC serum is good but 
the danger of anaphylactic ahock on repetition must be guarded against 

The genenl reaction va ahock therapy ts at first low temperature vitb 
rigor, slow pulse and nausea , followed by high tcmjierature, rapid pulse 
and ieucocytosis. There u local erythema and tenderness The focal 
reaction is shown by hypcrssda and inflammatory ebsmgee, accompanied 
by relief of i»m 


Care of Instpuments 

Ophthalmic instruments should be kept in an air tight gloss cabinet, or 
when not constantly in use in relret bned cases 

til instruments should be stenlised before use by boilmg in 3 per cent, 
sodium carbonate solution (not bicarbonate}, made with dtilxUtd water 
This procedure docs not impair tbe cutting edges, but knives and scissors 
thouldnot bo boiled more than three to fire minutes this is amply suCicient 
if the surfaces are bright and free from tarnish, as they ought to bo If 
distilled water eaaflot be obtained tba eutung instruments should bo well 
soaked in pure carbolic acid belorefaeuu;tnDs!crred to the dish 
The Instruments should be remered frmn the eterdiser mmedtaUly before 
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opontmg ftnd used iry In n« tatt muH ^nsfrvmt'nts be tmmersed tn bone 
loifon since jt tarnishes the etee} 

It IS, however much s&fer to ose the instruments It is almost 
impossible to stenhse the akin fif thehandseScientlf, andif the lastruments 
are wet fluid from the fingers u li&bte to ran along them into the t\e The 
points of knires &c . should be dipped la stsnle sahae inunedifttef^ before 
use to facilitate their passage through the tissues 
Tbo surgeon should wear a stenliAcd gown aad also u mask, containing & 
layer of cellophane corenng the qoso and mouth for all intraocular opera 
tions 
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REQUmEilENTS OF CANDIDATES FOR ADinSSION 
INTO THE P0BUC SERVICES 
CosnnssioNs n« tse Aemy 

The following standards are nvd at present — 

StaTidard I Unaided vision wnnt less than 6/6 m one ej e and not less than 
6/9 jn the other 

Standard S Unaided vision »a less than m Standard 1 hot is cither not 
leas than (j/ 12 in each eye or is not less than 6 6 iti the right eye, and not 
less than 6/30 m the left eye 

Slandard Unaided vTsioti is less ihao >o Standard 2 but visnvn can lie 
corrected to at lea« Standard 2 

Ante In those cases «here unaided vision u Lcloie 6{60 ux either eye tho 
men snll ^ referred to an ophthabnologut aod irhere a myopia of more 
than minoa 7 in anv mertdiaa la foond be wiJi be placed in Standard 7 

Standard 4 Unaided siaion la te«a than ic Standard 2 and vision cannot 
be eorrected to Staodard 2 hot can be corrected to at lesat 0/12 in one oyo 
and to at least 6/36 m the other 

This standard inelodea those men vhoee left eye is the * reaatcr ” 
eye and who«c vision with or withont correction la not less than 0/12 jn the 
left eye, and not te<s than 6/36 in the right eye 

Standard & The conditions in Standards 1 to 4 cannot bo attained but 
vision can bo corrected to at least 6'24 m each eye 

Standard G \iiiion in one eye, nnth or sritbout glasses, is not less than 
b/l2 and in the other is less than 0 36 vritb or mthout glasses, or has been 
lost or practically lost and invcsiigalioii as to tho cause of the loss is satis 
factory 

Standard 7 > ision is beloiv Standards 1 to C 

CoiiinssioNS IN TOE Royal Navy 
EXTOY STANDARDS OF VlSrOV. OFFICERS R N 


Distant ^JSlon Near Vision Colour Vision 
Cahew, 6, 6 6 6 Snellen, D »= 0 5 Grade 1 

DaSTMomi (Tacger, 1) 

(e) Limit of hypmnetitipia pcmnsfiiblc (onder horns 
tropiDc) 

In (he hdirr eyt 

Hypcrmetropia, 1 5 dioptre Sitnplo bypor 
mctropio iMigmatism, 0 73 dioptre Compound 
hypermetropic astlgrnaliam • the error in tins 
more hypermetropic meridian most not cxcecil 
1 5 diopti* of srbich not more thm 0 75 dioptre 
may be doe tonstigmaficm 
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Sqnint, deformity or any clinuiia duease of the eyea or eyelids will 
disqualify for entry into any Cranch 

lie standard of distant nsioa mnst be attained without glasses, and 
except where otherwise stated, nsnal aemty, with glasses, inu«t be not 
lower than 6/6 in each eye tested separately For certain Brancbea (noted 
aboTc). glasses may be used dnnng the teat of near vision 

Cohuf Fuion DetaJs regarding testing and grading mil be found m 
Sledical Research Conned, Special Report Senc$, 5o 185 (H3I Stationery 
Office) Candidates for Branches u which the wearing of glasses on duty 
is penmtted may nse them for the colour vision test 

EtE ESAMINATrON FOB FlTNESS FOB FeTINO 

(Rotai. Am Force Aim Cim) ' 

TAete etaitdardi are peaee-ttme t'andardt and are subject to oUerahoii dunn/j 
teartirae 

Prervnia Butary Raquity should be made aa to the use of glasses, and 
if worn, foe what cause Detada m respect of any in6anicna.tory condition 
of the globe, lids or conjanctiva ahoald m recorded aa well as, ta candidates, 
information concerning ability to see at night 

Ftsuol Acuity The examioation will be condneted with well ilIasiinAtcd 
standari test types at a distance of 20 feet The candidat* most read the 
test types witbont hesUation The standard of nsosl acuity without 
correetiog glasies for service in the Royal Air Force is 

Distant vision each eye. V « 6/6 The eye snecialist. however, may, 
at bii discretion, recommend acceptance when tbe vuual aemty is eq^oat 
to 6,9 (for Short Service Commissions 6/12) m escb eye, provided tnat 
such vision IS correctable by glasses to C/6 in each eye 
For private flying (" A ” ucence). and for navigators (" B Licence), 
a certain allowaace u made and correcting glasses are allowed to M 
worn provided a degree of nsna) acuity can c« attained, with or without 
glasses, cqosl to at least 80 per cent of the norma) visnal acuity for 
each eye taken separately, or 00 per cent for one eye and *0 per cent 
for tbe other 

Tbe same etandard tnl^t glasaea bolds for pHota for “ B lacencc 
(bole \ isoal acuity IS equal to 100 per cent normal when at a given 
distance— 20 feet m Great Bntaui— -tbe letters of the standard type 
subtend an angle of five nunutes ^e easiest way to test 80 per cent 
normal vuion is to get tho applicant to read standard 6(6 type at a 
distance of 16 feet Similarly, 90 per cent vuion U ohtainM with 
6/6 type at 18 feet and 70 per cent at 14 feet In other words, every 
2 feet nearer tbe type represents a diminution of 10 per cent in visual 
Acnity 

ffypermelropia No candidate. gencraOy speaking, wiU be passed who 
reveals a manifest hypcrmetropia (that is. nypermetropia revealed without 
the nse of a mydnatic) of + 2-W D Spb or over The reason for this ruling 
IS that the continued effort to focus rays correctly on the retina u apt to 
induce a tome action of the cihaiy muscle, end also of the internal recti 
muscles, smeo the latter are concerned in convergence of tbe eyeball 
that normally takes place when aa ol^cct is viewed with both eyes at rela 
lively close range This toiuo action {woduces errors of judgment of distance 
in fiying In addition, under effects of bsgb altitude less of accommoda 
tioQ IS kahle to occur, so that a pilot cannot see bis instrumects clearly and 
will also be liable to make a bad landing Forthermore, in this condition of 
hypennetropu — apart from flying—^ eye is likely to beemne fatigued by 
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conditions snch sa close work, thee&lsets of8un$;I&re, and tbo after effects of 
acute infections, in particular oriaflaenza, eondlly fever and malana With 
advancing ago accommodative power la lessened and latent bypermetropia 
may becoma manifcat 

Ifuscfe Balance and 1 vsuaf Jwtgnunt These play an even greater part 
in accurate flying than docs visual acuity Tho principal factore which 
necessitate correct visual judgment in flying are — - 

(i ) Immediately tho aeroj^ano loses touch sritb tho ground, the pilot 
loses the ono Lnoivn definite quantity necesaaty in the judgment of 
distance to ivhicli he baa alcrays bees accustomed, namely, contact 
with the ground 

(u ) All verticals are mote e* less fore^ortenod and, therefore, the eize cd 
known objects will bo varied from those of previons experience 
(m ) Shadows of objects wUi bo viewed from a totally different aspect 
<iv ) Tho ajeed at which the pilot u travelling is greater than any he has 
ever experienced It may bo taken as generally true that tho 
faster an aircraft flies tn the air the faster is its landing speed 
hpeed IS often the last atrarr in a borderline judgment caae 

Ocular Jfuscle Balance It has now been proved beyond argument that 
lack of trwa oenlar inoscle balance is the most common caase of error is 
judgment in bringing an aircraft to the landing ground It has been shown 
that Exophoncs (those rudenog from external latent deviattonl tend to 
flatten out their aircraft too early, having judged the ground to be nearer 
than It actually is , conversely, Esophonce (those sultenng from internal 
deviation) are inclined to fly into the ground In contro'distinction to these 
eases in which the error is ‘ perceptive *’ there are certain other had 
leaden " in which the faott is essentially " eShetivo ” due to a generally 
defective ncoro muscular co orduation Tho pdot with defective nsiu] 
judgment but relatively good power of perfomance most be sharply differ 
entiated from the pilot with relatively good visual judgment but poor power 
of performance (' heavyhandeddess ’ ) 

Teste for Ocular Jlusele Balance Four tests are employed in the following 
order — 

(i ) The Convergeace Test 

()! ) The Cover Test 

(in ) The Red Green Test 

(tv ) The Bishop Harman Diaphragm Test 

Contergenee Test (i.) By cooveigenc© power la meant that facutty of eye 
movement, found normoUy, which enab)^ an iodiridusl to exercise single 
nsion biQOCularly at very near range. Its retcotion demonstrates the 
presence of reserve forces of co ordination, and a capacity to resist fatigue , 
its loss, on the other hand, a lack of sneh reserve force and an early pre 
^Sposition to fatigue 

(II ) The test is earned out as ibllowa — Hold a pencil about a foot from 
the eyes of tho subject under cxamiiatioa , see that the point is accurately 
betuecn the eyes and on a level with tho root of the nose Tell him to fix 
the iKiiat and then move it directly towards him observing ivliat happens 
to the eyes as they converge The fifllomng resulls may occur — 

(a) Both eyes may converge fixing the pencil until it gets within an inch 

or two from the root of tho no^ iMtcating no want of convergence, 
Record distance m locbes 

(b) One or other eye ceases to fix the object and may wander out. or both 

eves fail to keep up fixation The subject may even resist by 
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(hrovinj; his h<^ar! anil complain cither that it hartj him Co 
follow the |wncil or that he necii douUc In saeh c««, conrerjrcnrc 
U dfftfClire. Record m Snchc* the distance at which toch Uck of 
convergence tnanifcats itailf 

(m ) ConTcTEtnce power m estimated l»v pvtng the followroc values — 
2 inches ot nmlcr, very gootl, posslhl} excessive , 2 to 3 inches, po«»l ; 3 to 
i inches, fair . 4 lorhca and orer. poor. 

Tkt Cffrtr Tut llol 1 a pencil in front of the subject at about I foot from 
the nose, asking him to look at the point, then rover one eic with a rani. 
Move the {wnni from (ide to tide, bnngmg it finally to the centre and 
uneoientig Kewsl the test for the ottw eye in a iimiUe manner. 

A perfectly halanced pair of eers will remain dsnl on the pencil whether 
one u uneorereii or eorered, wherevs movement mwartls or outwards on 
UDCOvenng ( latency ”) shows some lack of balance, here the ej rs are 
perfectly balanced on BneOTrnng record as ** 1st., ml.*' 

Where ‘ lawaey " fUl 1 w fouwl, the degree of movement, convergent 
(con } or divergent (dir ) and the speed of return to normal alignment u 
important V movement of less Ihsn SOdegrros is rrcoitletl as '* slight *' {si ), 
or more than this ai “ marked " (mkd ). The return to normal aligutnenl, 
‘ recovery '* (ree ) inav be ** rapid ’* (rpd ), modprato** (mod h " slow ” 
(d ], or ' by stages," i < , jerky, and shoold be recorded as such. In some 
rases there maj ^ an appreciable lotervat befoio rrcoviry starts, fhw 
should be no(e<l as " tag," or there may be no terovery of alignment until 
the eye is again directed to the object (eg,, by rovenng the other eye) 
I’reord this u Ree ml " 

To reeapitcUte, record oo novemeot or Uteney, i e.. perfect balance at 

lat nil *' lieconl moremest as " 51 or mkd. bt div. or con.” llecorery 
therefrom as " Jtapid, mod alow, by stages, or ml " A record of the lest 
Bjtj, therefore, read 

SI Ul diT rec fp<l” 

' Mkd hi con rec »1.” 

Mkd {at div, Ug mM” 

"Mkd. lit con tec ml” 

Tke Tef Ou4n Tut The bisti of this test Is that a saitabte lint of rc'l 
glass in one ejo will rut out any toys of light coming through a green plans 
and. nc< rersn. green plus in the other eve will rut out mi rays. Jn a Mack 
box containing a lamp, a vertical slot ) inch wide by fi inches lung, is glazed 
in the upper Si inches with red and in the lower 2} inches with green Tlie 
person under examination— aeanng a pair of reveniMr frames containing 
reii pUas in one ej eriece an i giveii m the other— ii told to ioos at the slot 
illuminateil from I'eninJ and asked to stale what he seea — 

(I ) («) The two lights in their proper position (i c alignment of visual 

axes and eorrvet ocubr nio«elc ktlancc): (5) definite duplacement 
up or down and or right or left (• e , ht j«er or hi i>o- and or rso- or 
exo pbonv) i (e) one or both may wanil*r from original jiosition 
and baek again (i tmdrnc) to apliona, but with some or foil 
power of correction) 

(II) At first two lights then at) occasional liisapprnrance of one of iheni, 

cither the aime one all the lime, Drlfaelwoallemalelvf} e ..uiaslerx 
of one eye, either continoows or aUemating, with neglect of vision 
t y the other) 

(ill ) Kithereolnuriingly, but ncvrrlhetwotogelher(i e..atternatepcrecp« 

tion of the object with suppression of the Imace of the other eyc)^ 
(It may hapjwn that the two eolunn will be superimpcwcil ami fu-vvl into 
one image . reversal of the frame obviates this liiflicuhy, as the colours wilt 
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happens to the figures when the size of the aperture is gradasU^ diminished 
For mstanee, he mav state that •— 

(a) The figures at one or other end of the card hegin to disappear — 

indicating suppression of one or other image 

(b) The middle figures tend to crovd together and miT np— indicating 

esophona 

(e) The figures divide, and the centre figure tends to duplicate or a black 
bar appears between tbem— mdicatmg exophona 

(d) Some of the figures deviate to & tugiur or lower level— indicating 

bjfpophona or hyperphona 

(e) A blsck bar appears, obliterating the middle figure, but the rest 

remain m the proper relative positions — indicating that the overlap 
has been entirety rut down, and that there is a negatii e gap w hich 
IS represented by blackness . in such an instance the reading will be 
below zero, and will indicate a perfect control of balance 

It has been found that a reading of" 3 ”on the arbitrary scale ISO " border 
line ” one and that “ 5 u bad Piist-class “ landers " usuaUy give a 
reading of zero or below , avenge " landers ’’ zero to " 2 ” , doubtful 
" landers ’ ** 2 * to 3 " , whilst those giving readisn of “ 3 *' to “ 5 ’’ or 
more fall generally into the category of Md ‘ landers *’ 

Tht Fisuut Ftadi Both eyes must have good fields of vtsiou as tested 
by hand moveBents Korruat fields of nsioo lo both eyes are necessary for 
Sytog. because — 

(i ) The pilot requires to obUm the widest possible new of aicerad and 
other objects m bis proximity 

(u ) He depends mainly upon the viaton of the peripheral fields for 
judgmeut of the ^ce of his auoraft in relation to IstenUy placed 
stationary objects 

(lu ) The grey horizon (false horizon) at night u best perceived by the rod 
elements of the pcnpberal fields 

(iv } There are certain ocular diseases which reveal alterations ut the 
peripheral fields, white normal centra) vision is retained , to detect 
these, the rough test by band movement is, generally epeakiog, 
quite sufficient 

ColiTur Fssion This most be normal, as normal colour perception is 
requisite in navigation and Undiog, owing to the use of coloured fights as 

VXStrAL StASDAIIDS— SCBVICS AVI) Civil. 

The present tisubI itaudatda for flying persewnel, both Service and Civil, 
are as follows — 

RorAi. Am FoBcz 

(а) Caddg for Cranwtli and eandtdalea icko art to nreira tmmeduTie 

permanent commiesumg 

Tisual acuity = ti)ti wStboUtlAie aid of g'lasses eacli eve 6 0 each 
eye considered under special circumstaucea if the defect is correctable 
to 6/6 by glasses Uauifest hypennetropia not to exceed -r 2 2o 
dioptres spherical 

(б) Candidala v;ho are la recetee sAorf-semee commission# 

The limit hero is extended to 8/12 either eye without glasses. 
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MU.1 «”"’;^'r.tho»t «o>«'‘“« 5) » 0» p" ““' “ “” 

Vuual aoaitj (.ppoJUnaW “I ‘ ' 

80 pel cent m each ey ^ k 

wd 10 par ™,t ot 10 per ee»t 

coJvU “ 

jfoyal Airfo^®* _ jaf*<?tiTc,»fe , 


’°'(al Ooloor 

ri“S 

Ulow tbe colonr ec e ^ ^ 


wrir^A^ 

Ulow tbe colonr ec e ^ 

Mted°«to''“ ere ''1"“’* „ „d mth «■” 

R I(«CT<* __i waili wilb tbe 


- pe „e «.-» .Oe 

“:sScrsFi£*.=.-»« 


SScrSleretter"'””' „ ,,,,.,0. 

flying 






ehould not M test r«p»-~ 

than 4 inches Th crfd of e«ion of each eyo 

.. ^ ‘B" Xaeeace ^ and the field 

S:.oe»WV»e«. «»1*'P»”'- 

must be normal 
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APPENDIX III 


Uasteks avd Mates of the Mebcavtile Marine 
1 — Lkteb Test 

1 Ltittr TmI Io te Po*s«{ PtT»t — ^Tlie first test tlie caadidate i» 
required to ondeixo is the letter test 

2 Appanlo* Vied —The letter test to be used for fill candidates u that 
conducted on Snellen’s principle by means of sheets of letters 

3 Slandard of linos /fcTUtrerf — With the exceptions indicated below 
(«« pani;:r8ph (1), erery candidate »itl be required to read correctly nine 
of the twclte letlcfs in the sixth line and eight of tho fifteen letters m the 
seventh line of a test sheet placed id a good light at a distance of 10 feet 
from tho eye 

4 JJttkod of Testing — The teat sheets should ho hung on the Y.all, >n « 
food Itfkt &vt not in direct tunltfhi, at a height of five or six feet from the 
ground The candidate should be placed at a distance of exactly 10 feet 
from the sheets, and exactly opposite them This distance should be care 
fully measured, and should never in any circumstances be vaneil 

One of the sheets should then be exposed and tho candidate should be 
ashed to read the letters on each sheet beginning at tho top and going down 
wards Any mistakes which he mahes should be carefully noted If then 
It is found that he liss read correctly at least nine letters in the sixth line 
and eight Utten u\ the seventh line of a sheet tho eandvdato may bo con 
sidered to have normal vision andsbouldbomsrked passed” in the appro 
pnate column of the form of applicatioo {£xn 2 or £sn 2i, as the case 
may be) 

6 raturj er Fadurt — If at the coDclusion of the test tl e candidate is 
found to reach the required standard he may be consideri-d to have passed, 
and the Fxaminer should proceed aith the Isntcm test unWs the 
enn lidste holds a certificate of competency If the candidate falls to 
reach the standard required for the ccrtificato entered for bo shonid bo 
test^withat least four sUeets and tho Lxamlner should fill inalunn 
Fxn 17b, ll e nuiiilicr of mistakes made in each lino of each sh< et and 
exptiin to the candidate the aitemallves recniioncd in paragraph 31 (</) 

i afiare to pass the letter test is <doo to some defect in lorn vuion, and 
the Hoard are a Ivised that such defects are sometimes curable ULcnevcT, 
therefore, a candilsto fails to pass tlus test the I xaminer should advise 
him to consult an ophthalmio aurgron with a view to ascertaining what is 
the nature of the defect in Ins form sision. and whether it Is curable 

f Lourr Slamlard Ptquirol in Ccrtoin Coses —Candidates who are in 
possessionof certificates obtained before January 1st 1914 may be regarded 
as passing the ktter test if they can read comctly with both eyes at least 
five of the eight letters in tho fifth line of a test ilieet 

7 Tt-it to bt i oneif —Tho bxsininer should take care, by varying the 
order of tho teat sheets an 1 by every other means in his power, to guard 
against the possibility of anr deception on tho part of the candidate 

8 HttuU pf txi%Tninalian to 6e Jt<por1td —The result of every examma 
tion in the letter teat should be reported in the case of a candidate for a 
eertiCeate of competency, to the R^utrar Genera! of Shipping anil SeameQ 
on lorm hin 3. and to the Pnneipal Lxamjoer of Master and Slates on 
Ions Exn 14 and, in the cose of a candidate for the sight tests only, to 
the Ilegutrsr Genersl of Shipping and Seamen on Term b.xn 2a 


II — La\TERX Test 

9 Appanflm — A specul lantern and a mirror have been provided fur 
(his test The lantern shoul i bo placed directly in front of the mirror, so 
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APPEIsBlX UJ 


In anw fTteff, upon lh« report ol ilw lofil Eismtncr, n Cnndidtto i« 
UHed by ibe Pnneipal Et&iaiRer, *4 «t!1 4s n the c&*« cohered bv panv 
fraph 1^, the Board will be prepared to allow a Candidate who uduutufin} 
<ritli thu decLMOR to appeal (nr aapecial examiRACiOR in Ixindon iiibjeet tn 
the eonditioni act out in pararraph 51 if) (3) and (A> 



index 

^"'Kl«v? • ■ ' »« 

spherical 67 

Abac«s^> . ocular 

intracTanini. "'■ 


)8C«a9, . ocular _ 

lacryiual. OoO 

aSp'‘' 

eflectof.4J 

'“’.'."ol 

rrtcuon », »3, 

A't'lS™.. Alt. 


jimtis. .. 
dll6 to. 3"^' 

Alconoi — • - - 

.rr 1S4 ISO 23T 
Aii.a«if»'«‘l ? 

1 nrasinie. 3J^'» ^23 

,, »nopn“' 

,„,nino. W 

■ 

is 617. «U 

Amollo 

oJconvctBcnce,5*' 

"'•“'is 

initiation ■Il>J 
local. 


icu» it* w* 

\n glaucomt. “ 

Aton“reTii’.'7i'“ 

Ailro"-''";!*® operation. 56-. 
.Vlvaucement o»~ 

A,. ^ 

126.335.*^* 

Albiniann lO'^* 
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ADgiom& 

el choroid and brain, 30i, ZTi 
of Iidi, &42 
of orbit, 670 
Anpomatosu retins, 37 1 
Angie 

of antenor cbatobor, J, d72 
230,283 471 
csptro, 516 
nunimum viatia), G7 
visual, 3S, 131 
Anji^lar eoDjanctivitu, 171 
VniJirc djc IM 
Anindia, 

congeoital. 27(> 
traoraatic, 43-i 
ADLSometropia, 56, 63L 
Ank} loblcpBaron, C U, CIj 
A nnular •clentw 2ol 2Sl 
Anophthalma roogrnital, HI5 
Vnox’pmn 3o3 
Anterior chamber, 
anatomv of 3 
(lelajcd re forrnatitin of. v>«l 
exainioation of, 01 
Aiiert 9 iliscaro Cf>8 

ApliaVva. U7, 6i0, 830 
Aqueous humour, 3, lA 
refractive indct of, 35 
accretion of. IS 
Arachnodacfvlj, 2ir J27 
Arcus 

juTcnilia, 241 
aenilis, 241 

Ar{;f]l IlobortaoD pupils, 01, S9J 
Argyrol, 151 
Argyrosis, 172, 193, Sli 
Armv, requi'ctncnla of candidates I 
for commissions, 690 I 

Amiga 8 lens oxptt»i>of, 4*i7 ' 

Amiga SUlfard speculum, 472 I 

Arsenic, optic atrophy due to. 3<H 1 

Arteries, 

ciliary, 11 
of eje, 10 

oplithalmoscopic appearance of, j 

retinal, degenerative changes, I 
359 

Artificial eye, 5W) 

Aspergillus fumigstus, 221 
Asthenopia, 52'', 537, CSl , 

Agtlgmatum, 45, 12<>, 628 t 

cause* of, 56 | 

liTpermetfopie, j 

comiiouncl, 46 


Asfigmatum— eon/d 
Ktejtular, 48 
lenticular, 66 
ms\ed, 46 
myopic, 

compound, 46 
simple, 40 
regular, 48 

Astringent lotions. 620 
Atheromutoiis ulcers, 22 > 
Atrophi, optic, 397 
Atropine. 62, 207. C9J 
Rogers of, 172 
in corneal utceratfon, 2<A' 
irritation, 181 
ointment, 20S 
Auditory nerve, tumours of, 
xAson rertc* 17 227, 272 


Daciu-vs. 

coll. i&>. )6o 
diphtheria, IM 
granolosus {Noguchi}, 17R 
Kocb Ueets’, |V). IC7 
Morax Axentcld, 173, Clii 
tubercK, 167, IW, 2(41, 37 », 6.72 
C02 

xcrOALs, IC4, l!ij 

Usctcrial infection of the o c. 3 1 1 
Bactenolojy’ 

of conjunctiva, 145 
of cornea, 107, 314 
of muroccle, A51 
Uandage, 31oorGcIda,49l 
llaod-»baped opacity, 211 
Basedoir's disease, 673 
liatbing. hot, Cj 2 
Deer*a knife, 623 
Jlenwlnne, WW 
Bmocnlar 

diplopia, 553 
vision, 645 
6eld of. 144 
Uirth Injuries, 2 17, 363 
Ilitot’s spots. 192 
lijennm » 

scotoma, 3Ji 
screen, 147 
teat types, 141 
inennorrhaia, acute, 171 
inclusion. 1S2 
Slepharitli. 618 
Ulepbarophimotls, lUO 
Blepharospajim, S'*. 16*. 

•• might • 149 
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IJJDEX 

I 1 

Btotos., .a»» •»" 

««; 205 31! 


mS.p.t.o5.® 

Blood. , 

Sppiy 'y*^' 

'"“’'rf ™"'*- ““i .4 

3 jT , 
du«iia«n o . •»; 

1 WI .1 = • 

’'"'’Si"" 

DulltTO'"*’"',., 4,4 1,44 


Duller 

ScUcmio. 4, ll 

l^„alKulu..O^^ 

confieuivai 

occIu.^Ymi 

aUiUne ?'• „u,,v,o wrrK.-*. 

“'S°ro.=.a.a« 

|4„., 3,. 

pfttftTiCt, SUi ^ 

alter .3- 

cortwal. • 

polar. 311* 


31 * 

blacV,309 
central. 3^ 

eoioplKated. 3.J 

eoncusaioo.43S ^ 

congemtal. J* . 

coralWorffl.3-0 

duibetie, 324 

discord, 320 

extraction. 4s ^gg 

combined. 4-'< 

complwftl'f’^gT 

mliacup=nl‘*^ 49 

;rA" 

irradmtion. 1-^ 

Varofllar, 3 »9 
Ughtmng. , 

7ooXWband«Br.4>M 

„,phtbahnj^30i 

nuclear. 3.U 

perinuclear. 3 

secondary. 0-- 

ducission ot, e 

aenile. 395 , 

extraction "‘'..Of 

intranuclear. ^ 
HubcapsuUr. 

sopranuclear. 

«.ft.3u3 
ajniptome ol. dO 

votal, 321 

traumatic. 43^. 

treatment of. 
unilateral. 314. 

loiiular. 31'> j4>i 

Catarrhal conjm’ 43 

Cniiatira. injuri 
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Caoterl^atloo c( cornea, 21" 
Cautery. gaJvsno , 217 
Caremous »muj, 

throrabow of, 614 
tributari<*a of, C05, C6f> 
Cellulitis orbital 603 
Central ulcer, .’J-t 
Cerebral 

peduncle, dueaaes of, W>- 
typhilu cot 
Ctrebro mieuhr family 
doccnemtion 3oS 

Ccrebru apmal ineningiti'* «.pHlemir, 
fi()D 

Cbalarion. dii 
ChemoHM, 147, 191 
Chloroais lif^ 

‘ CboWfO disc ' 387 
CholestcTin. ms $10,330. ttt‘ 
Choriocapillaria, C 
Choroid. 

anatomy of. 0 
carcinoma of, 42.' 
eoloboma of. 3S4 
degenemtue ebangts in III 
(leUehment of. 3ui) 
diHaaea of, 334 
injuriif to, 4 19 
aan-onn of 419 
tiilxrcle of, 339 
taw iilir ill" ni* riof, Ijx 
ChoroiJitK, 834 
anicrtoc, 33$ 
ecniml, Jiti. 144 
areolir, 3 17 
gotta te. 311 
circumpiipillary, 3l*i 
diffii^, 3 
cJiaaeminiled 37 
eiiidacirc, 33 • 
rirjler » areolar, SSs 
jaatnpapillirv, 339 
oietaatati'’, 741 


Taya. 341 

Chromstiv alxrratloii, bt 
Chromalop'ia 413 
Cieatricea, corrtral. 20u 
CiUiry 

arteni^, 11 

bodi. It). 49 

anatomy of, 6 
diseases of. 2S5 
gumma of. 27.> 
intlammaiion of, .243 ,t7» 
lojunei to, 430 4C0 


Ciliary— eontd 
body— eosZif 

sarcoma of. 422 
tubercle of, 
congestion, Sj 
muscle, 5 
procesHca. 6 
staphylomata, .’3l. 270 
reins, 1 1 

Circle of least difTusioi), 46 
Cifcuhtory system, ocuhr 
com( licattoiia of, 012 
CiKutua artrnosus iridis major and 
minor, 13 

CHril flying, eye examination for 
pilot*, r J i 

CocAine, 63, 148, Cut 
*“ Colloid bodies, 747 
Cotuboma 

of choroiJ and retina. 344 
ol ins. 2*0 
of lens, 147 
of lid, C 14 
of optic disc, 401 
Colour 

blindnew fO, 413 
lesli for, 417 
fielKlII 
sense, 07, 141 

TISlOB, 

Jlenng'a fbeorj, C7 
\ouiig lletmholts tbeori, 
08 

Colo’irpd Mtion. 413 
Commotio ntinx, 439 
Concise mlrrom 27 
Cuneoriiitant strabismus, £67 
(/Oncrelion*. 179 
Coociiwlnii cataract, 47^ 

Congenital 

abnurmalilles 

of ehnroi 1, 374 
of ifu, 27b 
of lens. 727 
oflid*. 044 
of nasal duet, 63i* 
of oplio disc 401 
of piincta, 050 
of retina. 3S4 
anit^voj la, 470. B7l 
aromalirs of eaiuiliculi, 0.70 
colour MinilncR*. 413 
d».teqU ot cattiRsw nvnaete*. 

I a*'/ 

spaitr paralysM, ocular 
manifestitigoa of. 

Cange«tk>n, conjunctirsf. 82 
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INDEX 


Conical cornea, 21^ 

Conjugate 

deviation. 541, 

paraljsi®. 5ot 

Conjunctiia. 1 , 

bacteriology of. 
congestion of. bi 

Ujrcrwwia, 8-. ‘4® 

mQamtaalion « . ^ 

pcmphigua of. 1^7 

aypliiliaof, 183 

thUreuti'isof.C"* 
tiil>en.l« of. lo. 
luraoura of, J '» 

wounds. 440 
Conjunctival Usp. 21 

'“"'Sirs'."” 

"gi'tallu'' 

di^lithentic. 

duoiodriiga.et'- 

ecreniatoiis ICO 
lollHiiUr. 1<4 

jrTaniilar, l”4 

meinbraiioui' I' J 

“’“"riliVoi.',™ 

treatment of. I - 

rannnud s l»' 

Con'ensoal 4d3,6»5 

Contact giassc . 

Contus'on^ 


Convergence—"'’^^ 

tnsuOiciency of, 600 

. Corcclopiar2<0 

' Coroca, 

abrasion ol, 
anatomy of. 1 

a'rso°'i««- 

facets of, 201 ^ 

fistula of 21)4 -33 

foreign bodies m. 4-/ 

hcri-«of.2-B „ 

FewmnS'on f -gV' 

rtfrective *nd««^ 3*^ 
juptutc 01.433 

tumours of, _4J 

ulcers of. I". 
vessels tn.^ 

wounds of 440 

Crede s metbod. IGI 

Crescent. 

“'".''"■So 


InfenOT. uu* 
v’^Xl'cM spoon. 48T 
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CanterjMtloo of cornea. 21? 
Cautery, gakano , 217 
Caremoua iinus, 

throraoosHof, 654 
tnbutar»« of, G65, C86 
Cellulitis orl ital 66.1 
Central ulcer. _’J4 
Cerebral 

peduncle, diteaaea of, M*- 
Byphilis 

txrebro taacular familv 
degeneration 3 j5 

Cerefn spmal iiieiiingitw tpitlemie, 

r-ftO 

Clialaiion C— ' 

ClictniMia, 147, 101 
Chlnrtist^, blJ 
‘Cliukedduc SS7 
Chuleaterin, WH, U(>, 330 M? 
Chonocapillaru, 6 
CboroiJ, 

anatomy of, 0 
earunnma of, 42J 
eololwma of. 3^4 
degcnemtiie cinngc* m J4t 
detnebment of. 3.j(> 
diVAM-s of, 33( 
injuri<.« to. 4 lO 
larvoma of, 4)% 
til ben. le of, 333 
s a'ciilar divinlern of. 1 ’■* 
Choroiditis 334 
anterior, 331 
central, 3 >'*, 344 
areolar, 34 » 
giittate. 34 4 
circnmp-ipilHry, 31'^ 
diffuse. SJl 

, dywcmiiwted, 33 ■> 

\ eaudntire, 331 

t FOrrter’a areolar, SS** 

I juatapipillar). 33tl 

metastati'', 341 
myopie, 520 
purulent, 437 
Tay s 34 4 

CbrotnaiVc alierration, T, 
Cliromatop^ia. 411 
Cieatnce^, coruenl, 200 


ortene*. 11 
body, |f>. 40 

anatomy of, S 
dueanea 255 
gumrra of. 27u 
tnilainmation of, 255 27t> 
■ □Junes to, 430 4<in 


Cilfary — eonld 
tody— eonU 

aarcoma of, 422 
tubercle of, 271 
eonjMtJon, 8.1 
nsuaeJe, 5 
proceascs, 6 

atAphylomata, 231, 230 
rems. 11 

Circle of least dilTiisiuD, 4C 
CircuUtory system, onolnr 
eomplteaiions of. Cl J 
Cireulus nrtenosus iridLa major arid 
minor, 13 

Cifil flyifli;, eye examination for 

pifots fOi 

Cocftine, 63, I4S, C»1 
Colloid bodies' 347 
Coloboioa 

of elioro) J an 1 retina, I'i I 
of inv 2T0 
of lens 737 
of III. 614 
of optio di*c, 41)1 
Coloor 

blindness 6^,413 
test* for, 4 is 
4i«tli,141 
aen.*e, C4, 14 4 
xiswn, 

llerinf:** tJieorj, 6 I 
doling Helmholtz theort, 

m 

Cofowred vision. 413 
I Commotio rrtiflie. 4*D 
I Concave mirrsirs 4” 

* Concomitant strabismus, £67 
Loncretions. fvS 
ConcMsaion cataract, 43't 
Crwigcniial 

abnormalitie* 

of elioroi f. S'M 
of irw. 27C 
of bns.327 
of lid.st't4 
of nasal duct, 63u 
ofopliedi-w 4<IJ 
of piincta, 650 
«f retims, 3SI 
nmlkopw, 410 571 
anomalies of csnsliculi, 6 lO 
colour llindoess 413 
defect* of extrinsic mosclrs 
S'R 

spastr paralysis ivnlar 
manifestations of. 515 
Congestion, conjunctival, 82 
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index 


Conical cornea. 244 
CoDjuB-vto 

de> iation,o»'» 
piraljs*** 5'^' 

Conjunctiva, I ,, 

bacteriology of. U « 

congestion of. »- 
dcjenerol.ve cbangca m. 1^8 

rsui-'-h”'''" 

examination of. 

hyj>cr®mia. 8- ^ 

mflamniation of, 1 

rcmplnsuf ^.,^^' 
syplillis of, I ,,, 

therapeutics of. 6 

tuberi-lo of. *»- 
tumours of, *>'' 

wounds. 4‘0 

Conjunctival ^“P' ^ 

olironiC' 




1 roTMtopia. 
1 


":rc.(an.« 

a .^ cSlu - Eno .^'™"' ■”■■■• 

diplot acillary, !<■» 

ec»enintoii3._»C‘' 

Iollnu'f^ 1*4 

jrnmular, 1 '4 
^ eolrstioii *. 4' ^ 

treatment of. »o 

racUstalic gonorrhffe*. 

irii 

rnrinaiid * »»' 

^ . ISO'S 

Coourt s '.'*'"’ ■* 

Contusion 

of eye. 43- 
Of'ld^ ^MG 

'''"'‘3ScS--odi'.on. 546.5-^ 


aca. , ... 

abrasion of. 
anatomy of, I 

iarso - i - .3. 

facets of, 201 

fistula of. dH4 -13 

fortign bodies in. 42. 

hcri<«of. 2iB 

,nflammatio«of,tO' 

m glaucoma, 2^-*^. Z®* 

opacities of. -4 ( 

rrr.‘ir»?v.’= 

rupture of. 433 

tLrareut.caof.C9l 
tumours of. -4 J 

ulcers of. 178. 

vessels ‘0, 9( 

wounds of. 440 
Corneal lour* ILuds of. 441 

K . 

Crede’a method, 101 

r. lens spoon, 48 1 
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CinterlMtion ot corner. 217 
Cautery, gaWano , 217 
Ca«ernou% sinus, 

throabasu of, 6‘i'} 
tributaries of, G6j, GbG 
Cellulitis, orbital 60.1 
Central ulcer, 2J-1 
Cerebral 

peduncle, diseases of, liti. 
eypbilis, cot 
Oerebro toacular family 
dcpenefition 3aS 

Cerebru apuial lueningitis epidemic, 
609 

ChataziOD, 622 
Chcmosia, 147, 191 
Chloroaia, blJ 
‘ CbuVcd disc ’ 337 
Cbolestenn. JOS, 110. 330. W2 
CbortocapilUna, 6 
toroid, 

anatomy of, 6 
eaninoma of, 432 
coloboios of. 334 
degenerative cbsnges m 34>l 
detacbmeot of, 3u0 
diseases of, 334 
lojunet to, 429 
aarcoma of. 418 
tubervie of, 339 
ia«ciiKr disQctlaca of, J2S 
Cbo^oId]CL^ 334 
aotcrior, 333 
central, 318, 344 
areolar, 345 
guUate, 3U 
circumpapillary, 34< 
diSuw, Us 
dissc/mnstcd, 33 j 
exud stive, 32) 

Fdr«ter’s areolar, 33b 
tustspapillar), 33S 
ffletaetatic, 341 
myopic, o29 
purulent 457 
Tay a, 344 

Chromatic aberration, 67 
Chromatopsis 413 
Cicatrices, conieal 200 
Ciliary 

artenes, 11 
body, 10 49 

anatomy of, & 
dueases of, 255 
gumma of 275 
inHammation cl, 3o5 -79 
injuries to, 43S 469 


CiJiary— «nifd 

body— cont(f 

aarcoma of, 432 
tubercle of, 27q 
congestion, 8d 
muscle, 5 
processes, 6 

atapbylomata, 25), 230 
reins, 1 1 

Circta of least diSosion, 46 
Cirtuilatorv system, ocular 
complications of. 612 
Circaius arteriosus iridis major ami 
minor 13 

Cievl flyi«S, ey* «Mwin»tvwa for 
pilots, 694 

Cocsinc. 63. 148. 691 
*• Colloid bodies,” 345 
Co)ol>onis 

of choroid and retisa, 3^4 
of ifu, "70 
of lens 327 
of fid. 614 
of optic disc, 401 
Colour 

blindness 09,413 
tests for, 415 
fie* Is, 141 ^ 
sense, CS, i 
rision. 


ion, i 5 
Henix Seor; 
\oua4v 


C8 

Coloured nsion. 4)3 
Cnmmolio retimo, 43d 
Cuncare mirrors. 25 
Cooeomitant strabKisQS, 5S7 
Concretioos 18S 
Concussion cataract, 43b 
Congenital 

abnurmslities 

of choroid, 334 
of iria, 2TG 
of lens, 327 
of lids 644 
of nasal duet, 651) 
of oiilir disc Wl 
of pttneta, rsO 
of retina, 3S4 
ambliopia, 419. 571 
anomalies of canalicuii, 6 jO 
colour blindness, 413 
defects of extrinsio musi 
5sG 

spastic paralysis, ocular 
manifestatiuDS of. 595 
Congestion, conjunctirsi, 82 
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Conical corn'-t, 

Cotyii^ale 

dcvnlH n, SJl.641 
yfiTitUss 1 " 

Conjiuictn j l 

batiriiohgy of, H'i 
cQn}.t 1 n of, b2 

Jcguiora(i e ctntigea m, fSS 
disenwi jJ 145 
L3vcnlnl ■;! nnking of, IS? 
eiannii tion of, tO 
tsifvmnii^, S2, JJO 
inflimmalion of, 
pC2»p!l>,,U5 of, IS" 

•yplulisof. 18J 
tlierapeutici of, 6'''J 
tulion.!e of, ISJ 
tumours of, J'l'? 

TTOumh 410 
COQJunCtiMXl Qsp, 

Con)uncf)v>tis, (40 
ficiiti siut] ie. 149 
angular, 173 
csUrriia], 14’) 

«hn>ntc, 

)fl calnmct operation, 313 
iifliple. 171 

iliffcroutial diagnosis from inti^ 
2i I) 

diplitlieritic, 103 012 

iliploliaciUaO, 173 

duo to drugs. eU , 1^4 
eorrmntous, lOR 
follKular, 174 
gotiorrlicral, 154 

trxatmciitof, lO^i 
granolnr, 174 
mcmljranoiis, ITS 

trtfttiofnt of, 105 
lOcUsCatie gonorrlircal, 158 
muco purulent, 149 
puDiology of, 100 
trcatnient of, iS2 
Parmaud B lb7 
plilyclenular, ICO 

Ireatraintof, IG'f 
purulent, J5t 
secretion m 149 

Corseiiaual reaction to iigtit, CO, 93 
Contact glasses, 314 43J, Ois 
Contusion 
of eje, 432 
of Ij'Js. 041 
Converge ncc. 54C 

aiDuhtudc of, 54" 

ana sccoaiffiodat/op, WS, 572 


ConrergCRCft— conf-i 


jnsuSTMcncy of, 501} 
Convex mirror*, 23 



“ Copper \1 u-e •’ ancrieS, 3.7 }, 1 /) 

Corectopia, 276 

Cornea, 

afirasioti of, 432 
anatomy of, I 
birth InjuiTof, 247 
Mood in, 249.424. 435 
conrral, 214 

degenerative changes m, 212 
diseases of, 187 
exsmmntion of, S5, 104 
facets of, 201 
fistula of. 204 213 
foreign bodies m, 42? 
herjes of, 218 
inflaoimatioo of, 197 
fn gfancoDis, 2tC, 2S4 
>ii)iines of, 4 •12 
oiargiiia] otropliy of, 242 
opacUirs of, 217 
of'C/alrons cn, fW) 479 
)«rfora(ion of, causing 
lleucoms. 2i-0 
perforation of ulcer oi S92 
pij.mentallon of, 24? 
recurrent erosjoa ot, 432 
refractive incJtx of, 38 
mptiue of. 433 
eensibility of. 91 
eympiotnatio conditions of, 246 
therapeutics of, C9I 
fiioiours of. “49 
ufccni of, 178, 191 
vessels in 90 
vounds of, 440 
Corneal loupe, 87 
Corneo wlcra, nounds of, 44 J 
Curporsi quadngennna, dueasea of, 
, (t >2 

I Corresponding points, 645 
1 CoUon wool patches, 3tj9 
I Coupers 

capsule forceps, 213 

I lacry mal jirobes, 051 
Credos method, 101 
Crescent, 

Inferior, 401 
I myopic, 6i9 

i Cntclictt'a lens spoon, 487 
CnrptofJilhalinia. 645 
Crypts of Iris, 4 
1 Cijrtalline lens SetLvnt 
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Cup, cUucon«tn'i«, SVi 
CurrltB eT*cu»tK>n, 4^1 
Cyinoti* 3< I 

A-eliUi.r:0 
cfironw. 271 

pnruSrtit. i'll 
•mpJB. 271 
*jTnp»tbfti^. 4VP 
Irratta^nt of, 27 * 

. vrUMNn. -9.1 

rT--loptBcu, '•V. 

Cl»nrotn»tou«. 2'** 
tnunatto. <3* 
Cye\opV,.*f», fi. fOl 

( * iiicYfra« jii » itfTou* >,> 

Cf*tOtOBi* ifoorfrlli. 4^* 
cr«t». 


IV-n.rfr. -<•. «f/ 

piriopftMi* poodle 20' 
fTtrtftor. S'! 
lVuiorano}>M, 11 1 
do \l rctrr'n 21 1 

enlAT^cl forojlK'alinj:, 321 
fnollilij*, oeiilar romjlicstpMM 
of, “K ft ! 

rofririiip rbiin.o. m. tm 

intM. iiA 
rrtinitu, 37 ■ 

Ihd *177 

Oi4l>Mtion tliporr or{riii|l 
fortnsljon. ir> 

n*»pl)f3rm fr«», l!L«hop ifarm^nV 


■ npUrtation, if ■ 
Uriboroun. (122 
of eonjunrtirs 1*<3 
o! iri«, ST'' 
ofMolUcUnN f>l' 
'I ottrt, CT'i 
of fvlina, 3't 
urbito palpol ml f (7 
Uml, i.'i 
1 >1 1..IXS. 71* 


DtCKTvAbt'im', 61" 
f*’* 

2(4, Q >t 

IXu-ocrirtului »]< mi f." 
naorfop*, 0(4 
Oalrjnpio « *1^, C7t 
Darcerom tone, 4r>'^' 

DatBrinr b>. C'M 
D*;r blindnow. 413 
tVi^iwrttiTo cl»»nsp', 
in eboroid, 3iJ 
in coajuectlva, (•>' 

(n eornoa. 24 [ 
iniri*. 27.i 
in len», 7(0 
in retina] Tr»»»Ii. T/i 
In ntrpou*. ST" 

Deadrit <' nl'rr. 22'* 

cj-»t, C7rt 

of eorjntwliea, I'Jl 
Utfrmo-lipomt* of fonJotrtiTa, in’, 
De'CPEct'* mernlifare. I 
(oIi« of. SIT 
mptore nf, 2I\ 2(7.271 
IV'BJirrr** 

foreept, OS'* 


n*tlrfmt 2*7 2'*L 710 3*1.7 47" 
0(2 

l>i;e«tK‘n, crsron* of, of, 

ncidir cnm( liealluri' nf, 017 
IhUlAli r mlu, 4 

IliLttor, SeitWiip ■ r>tn<iliriili>«, 
01** 

Ihtnmera oj^mdoii for rclrfipx n 
*C3 

Dioniii, 101, 20<, C'7'i 
Diopltr, 32 
l>lpD))>BrM llACl])], IC( 
l>ipMfientic conjunrli'TitK J(7 
Cti 

Diplotiariltar) 

eonjua'-tnili*. 173 

oletri, 215, 217 
DipInWilli, 177. 2I’-. 227, rtiri 
l>ip(vpu.S5l 

I wocufir, C3_' 
chart, 5‘0, 537 
licleron^tapu*, 5)2 
boTruinTTnonv 532 
gniocuUr. .7"", 477 
Kwcix'toii, 4^1 

«0 tmrlUr calaraei. 3I*> 
ofcltM. 477 

of arcondarj cataract, 4^ [ 
l>(<In<-ation 

of lacrjmal (tland, 044 
of lcn». 2* 3 24|. 7 s. 727, 431 
436 

1 Ifnparate |<rinti. 5(7 
Put! buau.CIl 
Donicra 


Prop, end 
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toxic eCects of> 3'ln 
use and action of. 0. 

|)utl01Sl»‘“ 


Eifttnmalion— 

of tension, 90 


of tension. 96 

ophtbaimoacopio.a* 

mcUminary, 

stit lamp. 97 


Eciipso 'ditidness 3«'' 

I'ctasia , „,o 

olcon,.-. SOl.Z*- 

sclerotic -9*'_ 

l^ctopia lentis, 3-. 

'f, 8. 

Electric liRWOP^ ,,, 

Electrolysis. ft4 . 

Bmmettopia J ^ 

Emviiyse®^ ,mus. (>tt7 

E»Kopio«. " 

CpU.=tt“*-H;, til, 6M 

Epiphora. 84, wi . 

Cpisclerit«' -59 
Erysipelas. O'- 

Erythroi»»a.*‘ 

Esophoiia. 6S< ^ 

Ethwoidit'S' « ’ 

Cucain, 690 ^ ^,^2 

Examination, 

external. 79 

functional. IJW g, 

of anterior chem^r.ni 

of cornea. 8 j 

3lSy%UPP»«^“ 

of lens. 05 

of pupils. 9- 

of sclerotic. 8o 


pxcuuiu‘“‘/' - 

sUt lamp. 97 
Excision 

of eyciiall. 50.J 
of lacrymal sac. 0.>4 
scissors, 505 

Exenteration of orbit. 673 
Dxophona, 5»7 
Eiophtbaimia. 991 

Exophtiialmic goitre, 67 i 

Exo?htlie!mometere. 66Z 

Exophthalmos. 661 

intermittent, 6 i 

Extraction, 

r.r.;itc»i.cc..4»e 

1 5L,3 

^Stt aUo vridtr Lids 


F.crT.oI 

false orientation, 5 j. 

retimtis pigmentosa, 3ll’ 
rsrpoint.40 ^.2.j 

‘ESmwtmoursofconiunetiia 

I libromata of 
‘ Field of 

binocular. H4 
testing of. 

I Filtering scar, -JJ 

I Fistula. ^ j 

^‘^dcrelopment of, 1 
eccenlnc.fi'O , ^ 

1 .. Fixation 

1 neiscberaring.245^ ^ 

Fluorescein, 217^ r,ecsnm>'a' 

’ for. hOs 
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Focsl 

lllaroination, 87 
iDt«rval c( Stora, 4S 
Follicular conjunctiritu, 174 
FonlanA, spaces oi, 4 
Forceps, 

capsule, Couper*f, 213 
Desmarrea’, O.O 
di«, Llliot 8, 478 
eotropjoii. Ci9 
fixation, 207 
GraJdy •, ISO 
iru 210 
Knapp a, 18t 
rmc, 

\\»Mea,l2a 
Forei^’n bodies, 

injuries caused 437 
intraocuhr, 447 
Form sense, fid 
Forster a areolar choroiditis, 333 
Fovea centralis. 8 
FoTeal reflet 125 
Frieclrei<.b * disease, 593 
Frontal ainiia, duteniion of. fib? 
Fiinetional ezamuiation, ISO 
Pundu*, 

oeuli 133 

ophthalfliCKopio examsnatiop 
of. lid 

‘ puatoQ centre,'' fi74 


Gatvaxo carTEBr,217 

Qemmive ort^tis. disocdeta ot, 
ocular complications of, fi(4 
Glanda, 

Kraase'a, CIS, flIO, fiiS 
Uerynial C40 
^leiUmiian, fllfi 
ilnll a. 0 e 
Feis’a, CIS 
Ckro, fl>3 
Clasa ro'}, 157 

Glass uorLera* cataract, .730, 670 
Clauea 

contact. 433, 635 
CroDtea a 143, 133 
for ainetropta, 47, 503 
tinted, in cataract, 312 
Glaucoma, 279 670 
ab«ulu(e, 289 
acute. 237 
aje and, 284 
chronic, 294 
coneestise. 28S 
cornea 10, 246 


Glaneoma— <on(d 

difTereotial diagnosis from 
iritis, 26f> 
hsmorrbagic, 382 
infantile, iu) 
iridictonij for, 292, 471 
primary, 282 
I secondaiy, 279 

after cataract cxtractioo. 

502 

caoscs of. 280 
treatment of, 291, 298 
trephining in, i‘J9, 476 
Glaucosan 283 
Glioma of retina, 432 
Globe, 

anatomy of. i 
injuries iiirolving the, 641 
rupture oG 4 11 
Goitre, exophtlialmie, 673 
Cold impre;,n8tion, 209 
Coooco'‘ci. ISo loO, ii>5, 216, 3^5 
Gonotrhresl 

conjuDctiTitis, IS4, 16S 
ifitis, 2I>5 

Gout, ocular complications of, 614 

Crsddj a fori-cps, UO 

Graefe 

Ui(e.2l8,m 

sign, fiij. 6*3 

Granular conjufictuitia, 174 
Gnniilonsta of conjimetira, 194 
Oraces's disease, 873 
Green blind, 414 

Gteeves’a modification ol Moiais' 
Operation for ptosis, C33 
Gumma 

of ciliary body, 375 
of Ins, 2d4 
sclerotic, 253 
Cun^ot irounrls, 6G9 

llasB’s giant magnet, 455 
Ilarniaiigiuma 642 
Hemorrhage, 
clKTfjilaI,3-71 
expuUiie, aft»r cataract 
extnicllon, 60t 
into the Mtreous. 330, 439 
intraocoiar, im 

cause of glaucoma, 2^2 
retinal, 391 
sul<arai.|inoiJ, 412, 607 
Bubhyalmd 361 

Jfarmsn fOishop), diaphragm 
instrnment, 68ii, 701 
‘ Heerfordt s disease, 275, 613 



INDEX 


716 


Helmholtz' 

ophthalmoscope, SO, 100 
theory of ftccoramodation, 49 
IlemiachromatopBia, 40 t 
lleraianopH, 17,403 
altitudinal, 408 

associated n’ltb cortical and 
subcortie&l icaiona, 401 
associated nitb lesions of optic 
tract, 4 (j 8 
binasal, 409 
bftemporal, 400 
homonymous, 403 
quadrant, 408 

Hemtsaopto pupil reaction, 67, 93, 
400 

Hemiccama, 411 

llepanii,30'5 CCfi 

Herltert's opcfAtion. 290 

iUreditary atnzy, 605 

Htring 8 theory of colour tision, 60 

Herpes 

Gorueai, 223 
ophthalmicus, 233 
fteaa's oporaOon for pfosu. 637 
Ileterochmmia india, 93. 37<* 
Hcternjiliona. S87 
Hexamm, 193 
Hippus, 61 

Histamine, 17 02, 64 273, 

288 

Hole at marula, 410 
Holes m llio retina. 3S1 
Holmgren’s wools, 4IS 
Homatropinc, 62, 200, 310, 691 
Hordeolum, C3l 
internum, f22 
Hot liatfi ng, 667 
Hiilchinson s teith, 23S 
Hyaloid 

artery, persistent, 332 
membrane, 8, I(J 
Hydrocephalus, ocular 
mamfeHiations of. 010 
Hydroplithalniia, 3(11 
Hygiene of vision, 6S1 
llyoscjne, 63, 691 
Hyperaimia 

of conjunctiva, UR 
of optic disc, 387 
of retina, 301 

Hypertme?i3grftiKlarura,363 614 
Rypermetropia, 38, 526 
axial, 530 
curvature, B20 
eiaminstion m, 104 
index, 630 


Hypermetropia— c<s«W 
latent, 134 
m&Tuiest, 134 
total, 134 

fTypennetropfe eye, -fO 4}, fi-h 
Hyperopia, 6.6 
Hjperjmona, 8S7 
Hvia^rlomr injtttiU), 2')J 
Hypliaema, 257, 43 1, 403 
Hypopyon, 199, 214, 2o7, 341 
ulcer, 314 

my«Jt/e, 221 
treatment of, 216 


iLLUtUKaTlO, CSl 
focal or ohbque, S7 
Index rtfractive, 27 
Infections, 

intraocular, 450 
septic, after cataract extraction, 
fOI 

Infections diseases, ocular 
manifestations of, 613 
laflaomalioo 

in sympathising e>e, 462 
of ciliary body, 265, 271 
of conjunctira, 14(> 
of glands of lids, fSI 
of iru, 255 
of lids, 517 
of orbit, 662 
of sclerotic, 250 

InQuenza, ocular complienticins of. 
612 

Injunea 

caused 

by burns, 4 0 
by caustics, 430 
by foreign bodies 427 
of hds, &}0 
of orbit, 6CB 
perforaUnc, 440 
to choroid, 439 
to ciliary body, 43f> 
to cornea, 432 
to ins. 4'’4 
to fens, 436 
to retina 439 
to wlerotic, 433 
to the eye. 427. 641, 679 
to vitreous 438 

Insane, general paralysis of, 604 
Insulin, 47U 

lostnamenta, care of, C94 
Intracranial 
abscess, 606 
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1 ■'1 rac»«njal-~;» Rji 

dusM", pApillohJfm « <!*ieto,3S7 
tutQoun, 6)5 
lotrtoeolir 

btemorrhsge, ^>4 

cntuo of (;Uueom&, Sbi 
prwjure, 14 Oft, 2<9 S'*! 
tumoun, 413 
loDisatjon, ime. 210 
Iridectomy, 470 

for j;Uu<:oni», 202, 471 
for intis, 260 

lor prolapRct} ins 212 44) 
optic»l,318, 32l.47f» 

I«npbera] 400 
P'eliffliniry, 31'* 4 I 
Inclencleisis, SOO 
Indercmlft. 270 
tr4nm4tic, 4t ■ 

IridocTclitu, 2SS 
enronie. 271 

27S, 4<j»> 
purulent, 20t 

sympatbette, treatment of, 4M 
Stt aUo CycUtis 
(ridodialysw, Il(,4i3 
tridodoneiis 02, 001, 4‘)‘ 

Iridotocoy, 47ft 
frie. 4 

abnomalitiee «f 2"»» 
anatomy of. 4 
bomW, ,V2 
eyita of. 278 
degeneration of, S7(r 
dtseaees of, S5S 
examination of, 02 
forvepa, 210 
lofljiamation of, 25 , 
injuries to, 434 
melanoma of, 27' 
aioremeati of, 5“ 
operations on, 470 
prolapse of, l2, 212, 50} 
jnJectomy of, 212, 441 
repositor, 212 

tremoloos. 02. 301, 308, 43». 
tamoura of, 418 
Intu. 2S5 

after cataract extraction. SiH 
diabetic, 2'XT 

differential diagnosis from 
conjunctiTUls 2 ft 
gonoTThfeal, 2X5 
gummitoos, 264 
plastic, 258 
rbeumattc, 2C5 
aerous, 271, 4ft ■ 


Inii*— 

symptoms of, 2t’‘> 
syphilitic, 2ut 
treatment of, Sh~ 
tabercufous, 26G 
earietiea of, 2C3 
Iron foreign bodies 443 
Ironirorkera' cataract, SIT, fMi 
Irradiition CS, C''5 
Irradiation catamcl, 337 
frniratK ti 4M, i'*"* 

I Imtants eonjunetieitw duo toi^l84 

Jaenzn test types, 130 
Jaeache Aril operation. 630 
Jaw winking smkenesii, 50 5 

KtBATaLCU, tranmatic, 
recorront, 432 
KeraUctasia, 244 
from u)w, 201 

Keratio prccipiUtcs ( K p 247, 
217, 257,211.461 
Keratitis, 197 

buUoits, 247, 2S0 
diseilormis. 220 
a lagophlbalmo, JJ >, *>4' 
fiUmtnU^. J47, S'>'> 
iflteratitLsf. 211 
neuroparalytic, 22ft 
non suppumtire, 2J8 
partnciiyroatoiis, 2JI 
phljctenuUr, 221, 678 
profunda, 232 24ft 
pnnclaU {"Kp"), 217, 247 
2o7, 271, 4f3 
purulent, J&7 
sclerosing, 247, 252 
aunerGcial punctate, 2 b> 
vesjcoJar.2»7, 281 
Kcratocele, 202 213 
I Keraloconos, 2)4 
Keratoglobns 216. 1<'2 
Keratomalacli, 224 
Kcratome, 209 
I Keratopl.isty’, 20S 
I Klneth. atrabiirous 662 
} Knapp’s roller forcepa. 181 
I Knife, 

cataract. Graefo'a, 218, 4 v , 

Reer a. 623 
Craefc’8.218.485 
Lang's. 477 

Twredy « canaliculus, Cii) 

WeberVefO 

Ziegler's 482 
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{DBX , 

1 '^^"T "’■ ' ' 


, \ tefl— 

‘■*”'S--. '''''' ', •'”:s 

pliysiotogy o»> \ in 

fialuUol. " gjg ; ,^„lw;( 

t„no— «'• «>• , I*"''”' 

^C, 646 . I/5,at 

I „ ty>?»'“7 'S*22 s!«B® I 

„-. ' 

!-»o8,* ,.e 477 \ 

- •t'is'i* 1 

tAntem te® \ 

rv-Ssis ' 

Jiemical , 

coloto—,”’’*'—— ’*’” »'• 

conR®^" ‘ 

rif. 40 


s£»^;b* 

\ ' 


49 

c«r^»''“/^l®a03 

>»'• 

il„l<»>-" jjl 436 

„l»ol 


•r-p”s!.“ , „ 

PnP”-' 

044 . j.4^ 

s-»r«o’"’ 

\ tumours 

\ diOerence. 6*. 

'.> “”;Su» of. '>''”'‘’ 
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Lina 

of fizatioQ, 66S 

of W310D. 6). CCS 

Lip.'eium, 371 
LUhl!lSI4 ISS 
Littlo s dispase, 59 j 
L iver, diseases of, S] t 
Lotions, GiO 
Loupe corneal, 67 
Luer 8 syringe, 65' 

Lummal 4S7 
Lymph 

secretion ol, 15 
Lymphangiectasia of conjunctiva, 
19J 

Lymphangioma 

of cQDjunetiva, It) t 
ol lids 642 
Lyaoayme, Uh. 193 

MiCBOPSU 337 3 jI 
Macula, false, ' 570 
Macula lutca 6, 12 1, 12S 

cortical rej resents tionoL73 
of cornea, 20o 
Macular changes, 343 
Maculo eert bral famili 
degeneration, 33S 
Madarosis, bl8 
3!addos 
rod, fiSS 
Magnet, 

Haab*s,453 
band, 434 
Malaria, 230 
Malingering, 410 
ilADameUr, diagram of, 15 
Marginal ulcer, 2J3 
Margo lutermarpinaUs, 015 
llassiie exudation in retina, 373 
JIaznell 8 opemtion, 507 
Measles, Old 
llecalocomen, 210 
Meibomian glands, CIO 
inllammalion of, b22 
ilelanomi of irn, 270, 416 
il lanonii nnlignant 420 
Jleliinger’a nng magnet, 455 
Membrane of llruch, 6 
Membranoua conjunctivitis, 16.7 
Jleaiogitia, 

epidemic ctrebro spinal 601 
purulent, 6 )9 
tiibcrciilons 603 
3feningococcos, 155,312 
Meningo^encephalocele, 670 


Mercantile marine, eight teat* for 
mssU-rs and mates, 704 
Metabolie diseases, ocular 
complicalions of. 613 
McUIIk. foreign Lodiea, 448 
Sletatnorphopsia, 3 <7, 351 
SIcthyt tticobol amblyopia, 37h 
Metre angle, 5IC 
Microlikpharon, 645 
3licrococciis entaiTlialis, 153 
Micropbtbalmia, 33d, 383, C45 
Micropsia, 337, 33i 
Sligraiuc, 411 

offnVca'icnop’iegic, 412 
MiLiiIk*e* 8 rli*eajie. 613 C-18 
Milk injections, 158,604 
Miner** nystagmus, 5b5 670 
Miuslv, 6J, 94 

traumatic, 433 
Mmtics, 62 C'Jl 

3Iirmr, prclimmary examination 
Kith, 194, 107 
Mirrors, 

concare, 23 
comes 26 
plane, 21 
MSbius sign 674 
3lolee.congxnital, 

of ronjunctiia, t'lj 
of lid b-t2 
itoll 8 glands, 016 
cysts, of tr42 

3fol1iii>cum conUiciovuru b>2 
Mongolian idiots, 327 
Mooren'a uLer, 225 
3toorC<.l<is 

cataract bandage, 491 
cyslolomc 4<5 
Slrabumns liook, 604 
Morax Axenfeld dipTubaciIlus, 171, 
2Jo,223 619 
Morgagnian 

catamet, 308 
glut iiles 304 
Mncoccle tl5l 

contnindicitioii to calarail 
operation, 313 

iinco piirulont conjunetlyitis, 149 

3I3!Ier, fibres of, 7 

MQIkr’a 

muscles, 617 

Mnsca volitantes, 309, 323, 521 
Musetea, 

oxlnnsic, 

anatomy and physiology 
of, 5 19 

congenital defects of S8b 
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Ophthalmology, preventive, 67^ 
Ophthalmoplegia, 650, 59*' 
Ophthalmoscope, 99 
Ophthalmoscopic examinatioB, 0 I 
by direct method, 117 
by distant direct method, 107 
by indirect method. Ill 
Optic 

atrophy, 397 

hereditary, 397 
post neuntic, 397 
primary, 398 
secondary, 401 
axia, 36, 5b8 
disc, 133 

coloboma oi, 4ul 
byperamia of, 3S7 
Optic nerve, 

anatomy of, 8 
diseases of, 357 
extradnrnl tumour of, <>71 
intradural tumour of, 671 
rupture of, 440 
neuritu, 353, 3C7, 387, tn > 
tract, lesiona of, 

Optical 

centre, 30. 3S 
indectomy, 470 
Optics, 32 

pby«io(ogica(. S'! 

Optochm, 211), 377 
Ora aercata, 6 
Oral ecpsu, 273, (>13 
Orbicolaru palpebrarum. i>l< 

Orbit, 

bones of, injones to, l>40 
celltJitts of, G53 
diseases of, 6r] 
exenteration of, 673 
inflammation of, 662 
tnjutiea of. C40, C6S 
tumours of, 67u 
Orbito-palpcbral cyst, 54^ 
Orientation, 544 
false. 552 
Orthophoria, 6»7 
Orthoptic treatment, 679 
Osteoma, orbital, 670 
Oxycephaly, bO" 

PaiT’^i.a, 

phlyctenular, 222 
tracbomatons. 177 
ranophthalmitis, 205. 215 34f,4&7, 
664 

metastatic, 341 
Pantocam, 330, 465 6J'l 


Papillitis, 352, 307, 387, C06 
PapiUsdema, 337. COS 
Papdlo macular fibres, 74, 376, 3J'> 
Papilloma of conjunctiva, 1D4 
I Paracentesis, 209, 218, 470 
Parallactic displacement 10’^. UN 
121 

Paralysis, 

conjugate, 55J 
ocular, 549, 694 

varieties of. 550 
of accommodation, 53U 
of external rectus, 657, GIM 
of insane, general, CO-t 
of aupenor oblique, 657 
of third nerve, 657 
progressive, 004 
spastic congenital, 695 
Paralytic dementia, OO-t 
Pannaud a conjunctivitia, IP" 

J Parotitis, 013 

Patient, preliminary in\eeticaluii> 
of. 0<7 

Pemphigus, 187, 191 
Pinluifialsodmni 4)>!' 

Perimeter, 139 
chart, 142 
IVnostitis, 662 
Pentomy, ISl, 

Pfilyclcnular 

conjunctivitis, ll>>> 
henilitis, 221, 078 
pannua, 322 

I Photophobia, 168.618 
I Phofophtliatmia, 185 
Photopie V uion, Gs 
Photopsiae, 337, 579 
Photo retinitis, 373 
I I’hthiriaaia palpebrariiio, 619 
Phthisis 

bnlbi. 271 

ocular complIcntloll^ nf, 013 
Physiological 

optics, 35 
I I'hysiology 

of extriBSit, o. ul ir luuktles, 5 i9 
of eye, 14 

of lacrymal apparatus, 040 
Phyaostigmine, 63 29i. f J2 
’ Pigment, retinal, 7, 336, 340 
Pigmentation 
I of cornea, 245, 24^ 
of retina, 34C, 3a7 
I 1*120161113, 689 
Pilocarpine, 61, 29'*, 300 fl'i-j 
' Pineal gland, diseases of, C02 
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’mguecula. l88 
‘Pink eje/' 150 
?it«tlarj boJy. distasca of, 401 
iW\ttu\,23l 
’Jagiocopbalji 
’iatift 

lamuia, 27 
znlrrora, 24 

i’laamoid a<iucoiH, JO, Jj7, J7i 
?Iastio intis, 255, 460 
’Intinurn imptpgnntton J/l 
’lexiform nc^ironia, 

.’neuDJOfiOccj, 157, 165, 214, t»5l 

’neumnun, 012 

^inta, 

con-eapondin;', fi4 « 
ilispuc^Q. 5tS 
naar and far, 50, 138 
n(vW, 30. 37 38 firs 
'yJsoii gOM-s, 181 
’oliocneepbalitw. C^>S 
'o(iom>p{ms poitcrwr 
’olyoona, 275 
'olyopia, uoiocuUt 30*' 

’asi, Oiseassa of, 

’ore* cptuus, 0 
’osteiior 

cEuifflbar, t<J 
longitudjaal blindU. 545 
’recjpitatea, keratic ( ‘ i\ p ’), J77 
247, 237.271,403 
’re retinal h*niorfljftge, 161 
’reabyopia, S5, 536 
’teaaure, 

iatraeapUlary, 15 
intraoeaUr, 14 
’nasSley Sniilli'a 
tape, 67S 

thtaryolghiKoian SSS 
?rUm8, 27 

use of, 547, SSi 
’robes lacrymal, 651 
’rojectjon 

of Jnffit, JOJ 
of objects, 644 
false, 563 57( 

‘rolapae 

of ciliary bodv, 443 
of Ins, 202 212,441, 600 
of utreoas. 443, 446 104 
^ptosw, 661, 677 
’rosiJgnitn 699 
‘rotanopes, 414 
'rotsrgal, 25-4, ftjc' 
in blepliaritis, 620 

■roicm therapy, ICI. 210 fisM 

'aeitdoghonia, 231 333 424 


Paaado nonntis, 39U 
Pseudo pterygiom, ISO 
1 Pterygiom, ISO 
' rtosia, 657, 658,644 
tracbomatons, 176 
PflWw aerncea, reqnuemcnfs fo. 
I osadidates, 61)5 
Pttlsatm of retinal vessels, UO, 12 j 
233 

1 PuDCta Ucrymalia, 646 
PuDCtUR, 

oongemtal anoffiabea of, 66" 
dispiacenjeat £>t, 84 631 
{over, ar<«(oo of 64® 
occlasion of, 550 
proximuoi, 60, 136 
remotoin, 40, 138 
Pupillary uiemWaoe, 
mflaromatoty, 25 *, 

, potaistent, 2TT 
I l*wpils, 66 

-Argyll Robcrtsou, 04, 603 
conlreetlon o!, 65, 67 
dilatatioQ of, 04 
examinaticiii of, 03 
innervstjon of, 80-81 
ioTestjgation ol, b'o 
mj oton/e, 8J)4 
ieact»DS,60.61,02. )3b 
j I'us m the vitreous 17.’ 
i l^orrbfen 273 


. <iwi*twe 

I amblyupia, J77 

I lotions 16^,610 


Rsoftsi, {«■, -J/j, 4JI, 4Jo, bW 
J Range 

' of accommodation, 82, 13s 

j ol«m\crgencB, 647 

J Iteactwn to accommodation, UJ 
to%2>t.80 

j Iteactiottsofpupfli, 60 , 61,03 ns 
, Readmg and writing 6R5 
I Reccasicai 579, 

I Red blind. 414 
I Hcd green W, 

I Reflation, 21 

Reflex, fOTcal l&l 
Reflexes, 

doting opbtbaliuoMOnjr 
examoatjon. 313 
I pupillary, OO 
I Refraction. 20 44 

dynamic and static, 4i, 54 
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Retr&cticn—eonfd, 

error# of, 3'', M7, 6Sl 
correcuoQ of, S3'" 
itatie. 48. 64 ' 

Refractvve 
lodei. 27 

of come*, 35 
power of lenses, 35 
Remote or far point, 40, 13!> 

Reml npuro rctirutis, 307 
retinop.'U3i\ 307 
Repositor. ma, 212 
Respirator; tract, diseases t>f, OIS 
iletii.itlin 4(U 
Retina, 7 

adaptation of, Co 
anatomy of 7 
angiomatosts of. 373 
blood supi ly of, 11 
coloboma of, 334 
eoas^nital pigmentation of, 385 
eyits of, 384 

detachment of, 378. 439, 625 
recogiiUion of, tlO 
diseases of, 334, 351 
fibre# of. 75. 296 
elioma of, 422 
hole in, 440 
injunes to, 439 
maadie exudation m. 373 
operations on deUctied. 393 
pnrnary affections of. 351 
f asriilar duonfer# of. 352 
tesscU of, U, 124 

Retinal lesaels, peneascular changes 
in. 153,300 
Retinitis, 351 

alb'iminurtc, 357 
arterioarlerotie, 3GI 
ciivinstn, 3 2 
diabetic. 370 
eaudatire, 373 
Inca l/rizJit light. 375 
b»morrhapir. 371 
leucmmic. 371 CH 
neuro , 35 ‘,307 
photo , 37.5 
pigmentosa, 346 

sms pii;nienlo, 35>* 
pnmaiy, 331 
proliferans, 331, 372 
pnncUta albescens, 350 
purulent, 374, 457 
septic. 374 
syphditiCi 305 
RetiDobfostoma, 455 
P.etinocytoma, 422 


Relioochoroiditis ;aztspapi})ans. 

3 <8 

Rettnoscopy, SOS 
Retractor, 

Desmarres’, 89 
wire, 89 

Retrobulbar neuritis, 395, S97 
Rbenmatic iritis, 205 
Rheumatism, ocular complication 
of. 614 

Ring abscess 442 
magnet, 453 

Rodent ulcer of cornea, 225 
of lids. 100,013 
Rods and cones, 7 
Ronne'a step, 295 
R3aetle«.4’j 
Rnptiire 

of choroid, 439 
of cornea. 4 13 
of ins, 434 
of optic nerre, 44C' 
of retina, 477 
of sclerotic, 433 


Saeuisen'a section, 218 
Sal cylic acid amblyopia, 377 
Salmon p&tcbes, 244 
Siivoi'Jcfciy, 276 
Sarcoma 

of choroid, 41*< 
of ciliary body, 422 
of conjunctica, 193 
of ins, 413 
of lids, 647 
of orbit, 870 

Saunders's ducission needle, 477 
Scaphocephaly, bOS 
Scarlet feter, 612 
Schiota's tonometer, 97 
SeJilemm, canal of, 4, 13. 20, 2n0 
201 

Sciasora, 

de Weeker's, 211 
tenotomy, 503 
Scleral 

puncture, 477 
ring, 122 
spur, 20 
Bclereetomy, 
anletior, 477 
posterior, 477 
Sckritis, 231 

annular. 251, 253 
Sclerosing keratitis, 247, 252 
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lerosw, 

fojsbmed, £9 1 
disseminated, 593 
[erotic. 1 
blue, 234 
diseasea of. 250 
examination of, 
gumma of, £5^ 

Inflammation of, 250 
injuries of, 433 
o{>eration3 on, 477 
iftriViviV a/, Si3 
nlccralion of, 254 
-wounds of, 445 
Sclorolomy, 

posterior, 477 
ScopfihnniBc, W, 

Scotoma. 

absolute. 147, 3SI 
Bjerrum’s, SJfi 
centra) ri^lative, 14 | 
negative, 347 
positive, 3 17 
relutive, 141 
Ting, 3 n 
sointillating, 4U 
sector sliapod, 337 
Seoteplc vuion, CO, 63 
Serocn test In strobumua, 669 
Seclusio pupillai, 26'J 
Secretion, Ucrymal. 6n 
SclJcI a sign, 293 
Septic infection after cataract 
extrartion, 601 
Serpjginoui ulcer, 214, S2i 
cUronk, 2-5 
Serum treatment, »i94 
Seveiilb nerve block, <i,6 
Shadow test, 608 
Short Biglit, M, 817 
Silrrosu bulbi, 449 
Siglif testa for candidatM for pnbiK. 
services, 098 

Silcock’a needle bolder, 683 
Silver nitrate, 

appJjcBlion of, 153, 157, Ibs. 

m. 181, 206 

salts, 151 

Sinclair a sassors, 4S0 
Skiascopy, 42, 517 
Skull, baso of. fractorfes of, 610 
Sht Ump. 53, 67.220, 236. 277. Ji'.i 
33), 428, 4 J3 **''• 

Small pos, 612 
Sncllen’a 

" reform ” eye, finii 
sutures, 632 


fincllm’a — conld 

test types, 131, 13" 

Snow Wmilnes#, fSsi 
Sc contracted, 606 
Speita of accommodation, 134, 537 
Spaamns nutans, 5i>4 
Spatula, 2)2 
/Bl,d27 

Spectacles, 41, 534 
Spectrum, loroiation of, -- 
Speculum, 

Spherical aberration, 67 
Sphuieter Iridu, 4 
Spoon, 

Crtlchett'»,487 
ebdfp, b2i 
Spring catarrh, 186 
Spud. -(iJ 

I ftiiiint. SeeStrabismos 
1 btaphylococcua, UO, 1C5, 107, 218, 
«-'l.C51 
Staphyloma, 

anterior, 203, 215, 243 
ciliary, 251,-00 
equatorial, .00 
intercalary, 290 
posterior, 610 
postioiim verum, 620 
Stargardt’s discaw. , 350 
Statistics of eye symptoms to 
dtficaaeof nervous system, 6(1 
Steel /articles in Ibe eye, 43u^ 437 
Stellwag’a sign, 674 
St( nl nioul'l, 5<)6, 0fj7, 0-12 
StiIUnc’)i tests for colour bUodness, 
40i 

Stone particle" in tbo eye, 430 
Strabi-imus, 549 
alternating, 609 
apparent, 603 
Concomitant, 667 
treatment of, 607 
Convergent. 572 
divergent, 673, 681 

iclnet4c, 602 
latent, 537 
paralytic, 649 
penndjc. 570, 537 
Unilateral. 609 

Stfeptococcov. 146. 185,216.273,631 
Striato opacity, 2 18 
htrictare of nasal duct. 660 

Stura’a 

COBoid, 44 ^ 

focal interval, 45/*'’ 
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Sty*, 6J1 

Sub arselmoid basmotrliage, 412.007 
Subconjunctival 

ecch/mo»«, 100 
bubbyalotJ tuemorrhagc. 301 
Sulcus aubtarsalis, I4S, CIS 
S ilphonamidcs io8, 161, IU>, ibb 
219 203,313,343 6W,6«), 670.693 
Superior oblique, psraljaie of, Hil 
Suspensory ligament, 10 49 
rupture of, 43t) 

SymblephsroD 634 
prevention of, 4J1 
Syropathelio 

ophthalmia, 4S9 
paralvais of cervical, 6J 
svmptomatio 

conditions of enmea, 24i> 
diseases of eye, 593 
disturbances of vision 403 
btiiclusu, 310 
akutiilau. 330 
svnecbia, 

anaular, 2S9. 261 
aotenor, 202 
cause of glaucoma, 2'‘0 
posterior, 268, 260 
ring, 2o0 

byokiflesis, CS, 510, S62 
Srpbtlis, 

and blindness, Ii7h 
Lerebral, ocular m-inifcxtations 
of. C04 

of conjunctiva, 183 
of cornea, 234 
of lids, 620 
treatment of. (I'jl 
bypbtlitio 

choroiditis, 3J7 
iritis, 262 
retinitis, 305 
tarsitia, O’O 

Syringe. lacrymal Loer’s »52 
Syringomyelia, 60S 

Tabes dorsalis, 400, 602 
Ts'sal cyst, C22 
Tarsitis, syphilitic, 620 
Tarsorrhaphy, 227-8 
Tattooing. 2' 0 
Tay’s chotviditis, 344 
Taj Sachs disease, 358 
Tears, 647 

Teeth, hypoplasia of, lamellar 
cataract with, 317 
Teichopsia, 411 
Telanuiectaaes of lids, 643 


Tenonitu, 660 
Tenotomy, 602, 681 
scissors, 503 
Tmsion, 

latraocular, 14, Ob, 279, t Sx 
testing of, in' *, ' 

Test types, 

Bjen-um’i, 144 
for far vision, 121 
for near vision, 136-7 
illumination of, 133 
Jaeger s, 135-ti ’ 

Snellen's. 131, 13 1 
leats 

for candidates for puHic 
services f36 

colonr blmdticsa. IK f 

Ictiny. 304. 311.327 ( 

Therapeutic cotes, 689 
TliicrBcligmft.M" 6-12 
Thrombosis 

of cavernous sinus, bd4 
of cent nil vein, 282, 302, 364 
Tigroid fondus, 126 
Tobacco areblj opia, 2* > 

Tonometer, Scbiots’s, 07 
TooLescomeBl splitter, 47H 
Tone curvature, 4 > 

Torticollis, ocular, 65J 
Totic smhlyopu, 375 
Trachoms, 174 

complications of, 177 
treatment of, 179 
Transiltumination, 85, 421 

Treatment 

by serums and vaccines, C9i 
of blepharitis, 1 19 
of cataract, 311, 314, 3IS. 

324, 325. 481 

of ciratnrial entropion, 628 
of complicated comeal ulcer*, 
209 

of concomitant strabismus 
577 

of detachment of re{ina, 383 
of dislocation of lens, 437 
of ectropion, 631 
of follicular conjunctivitis, 174 
of foreign bodies in the eye, 42& 
453 ' 

of glaucoma, 291, 293, S02, 47 < 
477 

of gonorrhceal loniunctivitu 
166 } 

of h^peraamia of conjunct 

of hypopyon nktr. 2ii, 
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tri^ment— eonW 

of jDjorles c&nsed by cansttes, 
431 

of Jndo-eyclitH, 273 
of iritia, 2C7 

of wembraDons eonjunetintu. 
I IC5 

ifmuco parii^entconjTincUTjta, 
152 

.f opbtlialmlft neonatorum, ICO 
f phlyctenular conjunctmtia, 
ItiO 

f piilj oleniilar keratitis, S22 
f ptosis, f>37 

:f simple chronic conjunctivitis, 
171 

spastic entropion, 62o 
symblenharon, 4 11, 635 
ay mpatliPito ophthnimm, t 
1 syphilitic infections, ODt 
'* trachoma, J70 

oncoraplicated corneal ulcers, 
201 

'rr(flou8in8,02. 101,308 4T. 

Tr* :ie. 478 
Tr( luig. 478 

^ ehrorito glaucoms, 200 
T(JiK83 610,624 
Trilye,C20 641 
Tule 

Iharoicl.Sltl 
tilinry body, 27C 
tonjiinctiva, 182 
< tis.260 

|ierynial ghiid.OlS 
ULfDtic,253 
qIIous intis, 2C(i 


Tii, 


(acranial. 600, < 02, < 05 
ivocular,4I8 
cause of glaucoma, 231 
[iditory nerve, 002 
iioroid, 418 
jliary body, 422 
injunctira, 193 
Imea, 240 
i.4ia 

rymal glaud, 
s,642 

Itio nerve, 670 

lilt, 670 
[ns, 60u 

lina, 42’ 

•\j, COS 

analiculus knife, 050 
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•, 612 


UtOEnaTiOH of eclerotic, 263 
'Dlccn, 

atberomatoua, 226 
central, 224 

chronic serpiginous, 226 
’ complicated, treatment of, 
209 

dendntic,S29 
fascicular, 222 
herpetic, 220 
hypopyon, 214 
marginal, 223 
Mooren's, 225 
mycotic, 221 
of cornea, 178, IS 
perforating, 202 
phlyctcnukr, 22! 
ring, 222 

rodent, ]»>, 225. 643 
traLboQiatniis. 178 
treatment of. 2<M 
Ulcu.i sotiicns, 214,222 
Ultra violet rays, 22, 188 23.{ 
Uoiiine. 162 

Ursmic amaurosis, 369. 410 
Urotropm, 193 
Uvea) tract, 3, 4 

blood supply of, 11, 12 
Uvoitis, 2 >3 
Uieoparolitis, 273, fll 


VaccTTE treatment, 6'U 
Vaccinia, 021 

of eyclHlfl, 612 

Vascnl ir disonlers of choroid, 3J4 
VoscaUrisation in corneal ulcer, 108, 
201 

ciliary, 11 
of eye, 10 

ophthalmoscopic appearance of, 
120 

retinal, degeneratiTBchangesiu, 
360 

Torticost, 11, 12 
VeniaV catarrh, 186 
Vertigo, 654 
liruses 176 233 
Vision, 

acuity of, 61’, 121 

hioocular, 646 
colour, 08, 413 
coloured. 413 
6e!d of, CO. 138 
binocular, 144 
In glaucoma, 292-296 
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Ju30 of, 70 
neurolopy of, H 
photopjc, 8S 
acotopk) G8, 6b 
irciptoniatiQ disturhaiH i 
of 4113 

icstiiu of ns 
tijgienpof <'<1 
V l•llnl 

«ci(it5 <>7,131 

Jinsle 3S 

h 

pprreptioM, 61 

colour netise, C&, 41 1 
(orOi sense, Cfi 
light sense, Co 

Vitniiiiu \, 144 171, ns, SJ), 
350, 

C S.’J. 230, ivS »ftS n? nil 
33' 

0 J71 
V itreoui, 

blood in, 4iU 438 
blood Tfwlsln, 332, Ji>> 
diseaiesof, 328 
fibrous tusue lo, 331, 37.' 

fioiditj of. 370 

foreign bodies in, 4S| 
butnoor, 10 
ofiscitiea of, 323 
pAnuitM in, 333 
prolapse of. 443, 434 
pus lo, 332 
Vo'SiQa’ nng, 438 
V-Y operatloa, 074 
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Whooping congh, 612 

< n'<d«'a forceps, C29 
n ire retneiote. 

Wolfe pra/t, 507 

. Word blindness 417 
I Wounds 
I .'iinshot W> 

of conjunctiva, 44ii 
{ olcorafi,'4fO 

, of lens, 440 

] oflid3,640 I 

< ofsclerotic, 44v 
perforating, 440 

I »ith relentuiit <f f. 

bodies, 447 

I Untiiigand reading. Cg, 

\ai>7»sus»a, 36}. M > 

I NaiiUiopsia C13 
• \eropbtbalmi* 192 | 

Terwis, 192 

\ot'cc UsuinoLTr tlirrin I 
cniour viiion, fi'' 

I 7bu’ 9 elands, CIS. 6.1 
Zeglers bn.fe, 482 
ZiQO lOOisatiOTi, SI9, 22C 
salts. 172, 173, S19, TOO 
ZiQO. sonule of, 20 
Zonular 

cataract, 310 
opacity of cornea, “4 1 
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